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ONE may be transplanted experi- 
mentally for the purposes of deter- 
mining (1) its value as a reparative 
agent in bony defects, and (2) the 

viability and regenerative powers of its con- 
stituent parts. In the investigations which I 
have carried on, the viability and regenerative 
powers have been studied not only in bony 
tissues which were used for the repair of bony 
defects, but also in those which were trans- 
planted into the soft parts, since conditions of 
function and in some instances of nutrition 
differ in the two locations. All of the experi- 
ments were performed upon dogs with bone 
from the same animal, as it has been sufficient- 
ly proved that bone from a different animal of 
the same species behaves in the same manner 
as that from the same animal, but with some- 
what diminished powers, and that a trans- 
plant from a different species acts the same as 
dead bone or any other foreign body. In 
both series the experiments have been ar- 
ranged in groups according to the composition 
of the transplant, which was varied as follows: 
bone plus periosteum and endosteum, bone 
minus periosteum, bone minus both perios- 
teum and endosteum, boiled bone, and 
periosteum alone. 

An extensive review of the literature has 
not been attempted owing to the fullness with 
which it has been given in a number of recent 
contributions upon the subject. Particular 


reference may be made to the works of 
Axhausen, Wieder, Frangenheim, Macewen, 
McWilliams, Cotton and Loder, and Mayer 
and Wehner, where the various workers in this 
field have been accredited with their con- 
tributions to the subject. Findings at vari- 
ance with the views held by certain authors 
will be mentioned from time to time. The 
two sets of experiments will be considered 
separately. 

BONE TRANSPLANTED INTO A BONY DEFECT 

When a defect in the course of a long bone 
is filled in by a transplant, nature isconfronted 
with three tasks to perform, namely: 

I. The preservation of nutrition and re- 
establishment of circulation of the transplant. 

II. The union of the ends of the transplant 
with the ends of the fragments. 

III. The transformation of the transplant 
into a duplicate of the normal bone whose 
place it fills. 

An analysis of the experiments based upon 
these three considerations will first be made, 
after which a detailed description of each will 
be given under a purely anatomical classi- 
fication. 


I. THE PRESERVATION OF THE NUTRITION AND 
REESTABLISHMENT OF THE CIRCULATION 

OF THE TRANSPLANT 
This is the most important of the three 
considerations, for upon its success or failure 
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is dependent, to a considerable extent, the 
outcome of the other two. From the stand- 
point of technique the conditions most favor- 
able for the preservation of the life of the cells 
and the reéstablishment of the circulation are 
perfect hemostasis, perfect asepsis, and perfect 
coaptation of transplant and soft parts. The 
presence of a blood-clot about the transplant 
interferes with its early and free permeation 
by serum, which for a time is the only source 
of nutrition. It also delays the reéstablish- 
ment of a blood vascular circulation by pre- 
venting an early organic union between the 
soft parts and the transplant. Infection is 
particularly apt to result in death of the 
transplant. That this is not always the case, 
however, is shown in some of the experiments, 
and the effects of a mild infection will be 
dealt with later on. From the standpoint of 
the transplant itself those cells about the sur- 
face and about the ends of the medullary 
cavity are in the most favorable position to 
receive nutrition both from serous permeation 
and from the early ingrowth of capillaries 
from the surrounding parts, while the cells of 
the compact bone, haversian canals, and 
medullary cavity away from the periphery 
occupy a very unfavorable location. There 
is also a great difference in the nature of the 
different cells. The unossified portions of 
the transplant, i. e., the periosteum and con- 
tents of the medullary canal, porous spaces, 
and haversian canals, being loose in structure, 
are readily permeable to lymph and conse- 
quently more apt to live. However, the 
bone-cells, lying in small lacune surrounded 
by a very extensive matrix in which there is a 
dense deposit of calcium salts, and com- 
municating with each other by and receiving 
their nutrition through long, small, and 
tortuous canaliculi, present one of the most 
difficult situations that can be offered for the 
restoration of a cut-off nutrition. This diffi- 
culty of penetration is well illustrated by the 
fact that more time is required for a fixing 
fluid to fix a piece of bone than for a piece of 
soft tissue of equal size; also in decalcifica- 
tion by the marked delay of the process in the 
central portion of the bone. Degree of cell 
specialization also plays a part. The blood- 
forming elements of the marrow, and to a 


slight extent the ossified cells, are more highly 
specialized than the rest; consequently, they 
are more apt to suffer from interference with 
the supply of nutrition. Where the technique 
was properly carried out the influence of 
these factors upon the different types of 
transplant was noted. 

1. Transplant plus periosteum and medul- 
lary contents. In fourteen experiments rang- 
ing in age from 3 to 350 days the most ideal 
conditions were reproduced. Sections of the 
lower third of the ulna varying in length from 
one-half to one and one-half inches were 
excised and reimplanted with periosteum and 
contents of the- medullary cavity intact. 
The results were as follows: 

(a) The periosteum and fibrous tissues of 
the ends of the medullary canal receiving 
sufficient nutrition and early restoration of 
blood-vessels, live and retain their prolifera- 
tive and regenerative powers. 

(b) The hemopoietic cells of the bone- 
marrow, regardless of their somewhat favor- 
able conditions for nutrition, after retaining 
vitality for ten or twenty days gradually 
undergo necrosis and _ absorption. The 
medullary canal becomes filled with callus at 
its ends and with a pale-staining fibrous tissue 
throughout the rest of its extent. 

(c) The vessels of the haversian canals 
undergo necrosis. In spongy portions the 
fibrous contents of some of the spaces located 
about the periphery remain alive and take 
part in the regenerative process. The entire 
haversian system is restored by an ingrowth 
of vessels from the periphery. In case of the 
deeply situated small canals in a very thick 
cortex, several weeks or months may be re- 
quired for revascularization. 

(d) The bone-cells, except for a small num- 
ber about the surfaces of the cortex, porous 
spaces, and larger haversian canals, undergo 
necrosis and absorption. These changes oc- 
cur rather slowly. At the end of three or 
four days the cells all appear alive. By the 
tenth day about one-half have either disap- 
peared or their nuculei are shrunken or stain 
poorly. At the end of a month the vast 
majority of lacune are empty and the re- 
maining cells show degenerative changes. A 
few necrotic cells may persist for fifty or 
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seventy-five days before being absorbed. 
This persistence of bone-cells is to be explained 
in two ways: some of them get sufficient nutri- 
tion to maintain a feeble vitality for an in- 
definite period, while other more centrally 
located and inaccessible necrotic cells persist 
because of the difficulty with which they are 
absorbed by the permeating serum. This 
same delayed absorption of inaccessible cells 
is sometimes seen in transplanted boiled bone 
where the nuculei have been fixed by heat, and 
in sequestra due to tuberculosis. 

In four experiments ranging in age from 10 
to 84 days the excised segment was split 
longitudinally and one-half of it used as the 
transplant, the medullary surface being ex- 
posed throughout its entire length. Condi- 
tions in the cortex and periosteum were the 
same as in the preceding series, but the 
endosteum and fibrous tissue of the marrow 
being more favorably located for the recep- 
tion of nutrition remained alive and _ prolif- 
erated throughout the length of the canal. 

2. Transplant minus periosteum. In sev- 
enteen experiments ranging in age from 6 to 
348 days periosteum was removed from the 
excised segment before reimplantation. ‘The 
results in the remaining tissues were practi- 
cally the same as in those of the first series. 
Very few ossified cells along the periosteal 
surface remained alive, despite the fact that 
absence of periosteum made nutrition more 
accessible. Wherever the periosteum was 
imperfectly removed its remaining cells pro- 
liferated and formed islands of callus. 

3. Bone minus periosteum and endosteum. 
In three experiments, 21, 46, and 75 days old 
respectively, the transplant consisted of a 
strip of bone from the crest of the tibia with 
both periosteal and endosteal surfaces whit- 
tled off, giving it the appearance of an ivory 
peg. There was necrosis and absorption 
of all of its cells except those lining a few of 
the porous spaces scattered along the medul- 
lary surface and a few about the periosteal 
surface. These scattered surviving cells gave 
rise to some callus formation, particularly at 
the ends where fragments and transplant 
were in contact, as will be seen in the subse- 
quent analysis. In three experiments, 9, 27, 
and 55 days old. a segment of radius one inch 
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long was excised, periosteum and endosteum 
removed, and the cortex cut into ten or fifteen 
pieces which were reimplanted into the de- 
fect. Some of the cells of the splinters lived 
and gave rise to callus formation which sur- 
rounded them and which united with the 
callus from the ends of the fragments to 
restore the continuity of the shaft. How- 
ever, the great bulk of the bone-cells of the 
splinters underwent necrosis and in the fifty- 
fifth-day experiment had been absorbed while 
some substitution of the necrotic portion had 
begun. 

4. Transplant consisting of periosteum. 
Periosteum completely detached was trans- 
planted into the bony defect in four experi- 
ments, 10, 41, 70, and 139 days old respective- 
ly. In every instance periosteum remained 
alive and formed an incomplete fibrous band 
connecting the ends of the fragments, but in 
no case did it lead to new bone formation and 
regeneration of the shaft. 

Thus we see that in bone transplantation it 
is almost entirely the non-osseous portions, 
i.e., the periosteum, endosteum, and fibrous 
tissue of the ends of the medullary canal, that 
survive the marked interference with nutri- 
tion to which they are subjected, and later 
constitute the living portion of the transplant 
from which its regeneration largely takes 
place. However, that the vitality of these 
portions does not remain unimpaired will be 
shown later by the fact that in the healing of 
the two fractures at either end callus forma- 
tion is less marked from them than from the 
periosteum and endosteum of the ends of the 
fragments. 


II. UNION OF THE ENDS OF THE TRANSPLANT 
WITH THE ENDS OF THE SHAFT 

This process is analogous to the healing of 
two fractures and is accomplished by pro- 
liferative changes leading to callus formation, 
not only from the tissues of the ends of the 
shaft, but also from those tissues of the ends 
of the transplant which survive the trans- 
plantation. In order to obtain the surest and 
most rapid union between the ends there are 
two factors of great importance aside from 
favorable conditions of nutrition in the parts 
to be united. These are perfect coaptation 
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and perfect immobilization. When perfect 
coaptation is obtained a small amount of 
callus isformed, and the smaller the amount of 
callus the more rapid is its transformation 
into bone. Also, when the approximation is 
good there is considerable stress thrown upon 
the bone, and the ends of the transplant and 
fragment are forced against each other from 
the tension exerted by the soft parts of the 
extremity. In other words, under these cir- 
cumstances the bone early resumes a part of 
its function, which resumption of function is 
a powerful stimulus to the osteogenetic tis- 
sues both of the transplant and ends of the 
fragments to repair the existing defects in 
continuity of the bone. Perfect immobiliza- 
tion is essential because mobility both in- 
creases the size of the callus and traumatizes 
its intermediary portion, causing hemorrhage 
and serous accumulation between the ends 
and consequently, delay in the process of 
ossification. The mechanism of fixation may 
be of two kinds: either an external appliance 
in the shape of a splint or plaster of Paris 
dressing, or an internal arrangement whereby 
the fragments and the transplant are held 
directly together. The latter method may 
be accomplished in man by suturing or plat- 
ing, by the inlay method of Albee, or, best of 
all, by impaction of the ends of the transplant 
into the medullary canal of the ends of the 
fragments, a method which has been so ex- 
tensively carried out and perfected by Mur- 
phy. As much internal fixation should be 
obtained as possible because partial immo- 
bilization and partial support of the limb by 
the transplant itself acts as a stimulus for 
osteogenesis on the part of its surviving cells. 
In working upon small bones of the dog the 
above methods of fixation are impracticable; 
and the transplants in these experiments were 
simply wedged into the defects, frequently 
with considerable angulation and imperfect 
coaptation with the ends of the fragments. 
It was in the imperfectly performed experi- 
ments that the above-mentioned results from 
faulty technique were observed. 

Before further discussion of the method by 
which union occurs between the ends of the 
fragments and transplant, it is advisable to 
review briefly the healing of a simple fracture. 


This occurs by the formation of a callus from 
the two ends of the bone, which callus bridges 
over the defect. It consists of three portions, 
i. e., periosteal, medullary, and intermediary, 
and goes through three periods of transforma- 
tion: the period of fibrous callus formation, 
the period of ossification, and the period of 
reduction and consolidation. There is con- 
siderable overlapping of these periods, but this 
is the order in which they occur. Fibrous 
callus formation comes first and all three 
portions go through this stage. 

The periosteal callus forms almost entirely 
by a proliferation of the inner or cambium 
layer of the periosteum. The more super- 
ficial bone-cells may decalcify and multiply, 
as may also the cells of Volkmann’s canals, 
but their part in the formation of callus is a 
very minor one. It begins to form within the 
first twenty-four hours, and reaches its maxi- 
mum size at the end of the second week. 

The medullary fibrous callus forms from a 
proliferation of the endosteum and fibrous 
tissue of the ends of the medullary canal fill- 
ing it for a distance of one-half to two centi- 
meters in either fragment. Its formation is 
complete as a rule by the tenth day. 

The intermediary fibrous callus forms last 
from an ingrowth of the periosteal and end- 
osteal callus of the fragment ends, taking 
the place of the blood-clot which primarily 
fills in the space. None of this callus comes 
from the fractured surfaces of the fragment 
ends. The bone-cells of the ends of the 
fragments for a distance of one-third to one- 
half centimeter undergo necrosis and absorp- 
tion as a result of interference with their blood 
supply. The period of ossification greatly 
overlaps that of fibrous callus formation, be- 


- ginning two or three days after the first callus 


is laid down and continuing for three weeks 
to several months before the process in the 
intermediary callus is complete. Ossifica- 
tion always begins on the surface of the bone 
and extends gradually to the more distant 
portions of the callus. In the medullary por- 
tion it occurs by direct transformation of the 
fibrous cells into bone-cells without an inter- 
mediary cartilaginous stage. It always be- 
gins on the wall of the canal and extends 
gradually to the central portion of the callus, 
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being complete first toward the very end of 
the canal. Ossification is, as a rule, complete 
in twelve to sixteen days. This early bony 
callus is very spongy and imperfectly formed. 
In the periosteal callus the process is differ- 
ent. Early ossification along the surface of 
the cortex is by the direct transformation of 
fibrous into bony cells, but after four or five 
days when the callus has reached considerable 
dimensions a zone of cartilage increasing in 
thickness toward the intermediary callus 
usually appears in front of the zone of ossifica- 
tion. As ossification proceeds this zone of 
cartilage gradually approaches the surface, 
shortens toward the seat of fracture, and 
finally passes over entirely into the inter- 
mediary callus. Ossification of the cartilagi- 
nous zone occurs largely by metaplasia or the 
direct transformation of cartilage-cells into 
bone-cells, but to some extent, particularly 
when the amount of cartilage is large and the 
process is delayed, by the enchondral method 
or death of cartilage-cells with substitution 
by the ingrowing bone. The intermediary 
callus is last to undergo ossification. It 
begins along the edges within a few days and 
requires from two or three weeks to months 
for its completion. Early ossification comes 
from only two sources. That portion which 
originates from the medullary canal ossifies 
by extension of the process from the medul- 
lary callus, and the outer or periosteal portion 
by an extension from the ossifying periosteal 
callus. After three or four weeks, ossification 
begins on the fracture surfaces from an out- 
growth of capillaries and osteoblasts which 
have refilled the haversian canals of the 
ends. 

Dimunition in size and consolidation of the 
callus with rearrangement of its trabecula and 
restoration of the lumen of the medullary 
canal are slowly accomplished in the subse- 
quent months, but since they throw no light on 
osteogenesis they will be given no further 
consideration. This, in general, is the process 
of repair which has been noted by all inves- 
tigators, as Wieder, Curnil and Coudray, 
Zondek and Zeigler, who have made extensive 
microscopic studies. My observations have 
confirmed these findings not only in this 
series of experiments but also in thirty simple 
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comminuted fractures in which the fate of 
detached fragments of bone was studied. 

To recapitulate briefly, the fibrous callus 
originates almost entirely from a proliferation 
of the inner or cambium layer of the perios- 
teum, and from the fibrous tissue of the medul- 
lary canal. It undergoes ossification by the 
transformation of its cells into bone-cells. 
Hence we must say that these are osteo- 
genetic tissues. This is entirely in accord 
with findings in the study of the development 
of the osseous system. The long bones are 
preformed in cartilage which is surrounded 
by a primitive periosteum. Ossification oc- 
curs by the growth into the cartilage of buds 
composed of blood-vessels and fibroblasts from 
the inner layer of periosteum. These cells or 
osteoblasts give rise to bone which takes the 
place of the cartilage. The periosteum con- 
tinues to play an important réle throughout 
the entire period of bony growth. In the 
event of a fracture at any period of life, where 
the demand for new bone formation is great 
the periosteum reverts to its early charac- 
teristics and shows marked  osteogenetic 
properties. The statement of Macewen and 
others that callus forms from bone-cells only 
and not from the inner unossified cells of the 
periosteum is based upon a priori conclusions 
and not at all upon microscopical studies of 
experiments. 

When we study the method by which union 
occurs between a transplant and a fragment 
we find that it is very similar to the healing 
of a simple fracture. The chief differences 
are that callus formation from the periosteum 
and endosteum of the transplant is not so 
vigorous as that from the periosteum and 
endosteum of the end of the fragment, and 
that bony union requires a very much longer 
time in which to occur. These are due chiefly 
to the fact that the surviving cells of the 
transplant suffer nutritional disturbances 
which are sufficient to diminish their osteo- 
genetic powers. 

1. In seven experiments ranging in age 
from 3 to 350 days a section of the ulnar shaft 
was excised and reimplanted with periosteum 
intact. In general, a spindle-shaped callus 
formed at the seat of either fracture which 
had its origin from the periosteal and medul- 
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lary contents of the ends of both transplant 
and fragments. In nearly all of the experi- 
ments where periosteal callus still persisted 
it was present in greater amounts on the end 
of the fragments than on the transplant. 
Medullary callus was always more extensive 
in the ends of the fragments than in those of 
the transplant. Union was much slower than 
in the healing of a simple fracture, particularly 
at the end of the transplant nearer the middle 
of the shaft. Inspection of the protocols 
shows in Experiment 105, 26 days old, both 
fractures united by a fibrous intermediary 
callus. In Experiment 106, 51 days old, there 
is bony union of the lower fracture, but a 
fibrous intermediary callus at the upper end. 
In Experiment 107, 132 days old, there is 
bony union at the lower end, but at the upper 
end a thin zone of the intermediary callus is 
still fibrous. 

In four experiments from 1o to 84 days old 
the excised section was split longitudinally 
and one half was reimplanted. Callus forma- 
tion and metamorphosis occurred the same as 
in the first group of experiments except that 
the medullary callus from the transplant was 
more abundant and blended with that from 
the periosteum of the fragment. 

2. In six experiments from 10 to 119 days 
old, periosteum was left on the transplant but 
cut from the ends of the fragments. A callus 
formed at the seat of each fracture which 
in its periosteal portion was of the usual size 
on the end of the transplant but was usually 
very small on the denuded ends of the frag- 
ments, the latter being covered by a layer 
of fibrous tissue. In some instances callus 
developed from the periosteum back of the 
denuded surface and grew down over it, while 
in others islands of callus formed where 
periosteum was apparently incompletely re- 
moved (Experiment 138). But in the older 
specimens some peripheral bony callus devel- 
oped from the cortex of the denuded ends. 
Callus formation in the medullary canals of 
both transplant and fragment was the same 
as in Series No. 1. Bony union is slightly 
en retard of that in the first series as shown 
by Experiment 139 R where both _inter- 
mediary calluses are fibrous at the end of 61 
days. 


3. Inseven experiments from 10 to 87 days 
old, periosteum was removed from the trans- 
plant. In general, the periosteal callus at the 
fractures was of the usual amount from the 
ends of the fragments, but very much smaller 
from the ends of the transplant. Medullary 
callus formed in the ends of both transplant 
and fragments but was more extensive in the 
latter. Bony union was delayed more than 
where periosteum was left on the transplant, 
as will be seen from Experiment 173 L, 87 days 
old, and Experiment 119, 118 days old, where 
the intermediary calluses are still partly 
fibrous, allowing mobility at both ends. 

4. In nine experiments from 6 to 348 days 
old, periosteum was removed from both trans- 
plant and ends of fragments. In all of these 
experiments periosteal callus formation at the 
fractures was very small from the ends of both 
transplant and fragments. Medullary callus 
formed in the ends of the canals and gave rise 
to nearly all of the intermediary callus. 
Ossification of the medullary callus occurred 
early and in the regular way, but was very 
much retarded in the intermediary callus. 
There was a very small amount of ossification 
in the scanty peripheral callus which was 
present. Bony union was delayed longer in 
this than in any other set of experiments. 
In Experiments 144 L, 199 days old, 143 R, 
293 days old, and 143 L, 348 days old, com- 
plete bony union occurred at only one end of 
the transplant. Removal of the periosteum 
lessened the size of the peripheral callus and 
delayed very markedly the process of bony 
union. 

5. In three experiments, 21, 46, and 75 
days old respectively, the transplant consisted 
of a piece of cortex from the crest of the tibia 


with both periosteal and endosteal surfaces 


whittled off. In all three experiments there 
was fibrous union with free mobility at either 
end. The callus from the fragments was of 
the usual size and ossified in its periosteal and 
medullary portions. From the ends of the 
transplant there was a small fibrous callus 
with a small amount of ossification in its 
inner portion along the surface of the bone. 
The intermediary callus was entirely fibrous 
except in the oldest experiment where ossifica- 
tion was beginning from the ends of the shaft. 
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These experiments show that transplanted 
bone devoid of periosteum and endosteum 
contains a few surviving cells which result in a 
certain amount of callus formation at its ends 
and which participate in the repair of the two 
fractures. The regeneration fromsmall pieces, 
which is more extensive because of the in- 
creased surface and greater facility for nutri- 
tion, was previously noted. 

6. One of the most convincing evidences of 
the great réle played by periosteum in the 
healing of fractures is seen in the union of a 
fracture through the middle of a transplant. 
In three experiments, 25, 35, and 45 days old 
respectively, the periosteum was left on the 
fractured transplant. Good approximation 
and slight impaction of these fractures was ob- 
tained before reimplantation. In each in- 
stance a spindle-shaped callus formed at the 
seat of fracture in the transplant as well as at 
the two ends. In the 25- and 45-day experi- 
ments it had undergone bony transformation 
and union was firm while mobility was present 
in the fractures at either end, both intermedi- 
ary calluses of which were fibrous (see Experi- 
ment 186 R, Fig. 7, Frontispiece). This 
rapid bony union of the fracture through the 
transplant while that at either end remained 
fibrous was due to the better approximation 
and immobilization obtained by impaction. 
In the experiments where periosteum was re- 
moved there was no spindle-shaped periosteal 
callus at the seat of the freely movable frac- 
ture in the transplant, and union in the go- 
day experiment was by a fibrous intermediary 
callus in which only a small amount of ossifi- 
cation was present (see Experiment 173 L, 
Fig. 8). This proves conclusively that the 
callus which united the fractures through the 
transplant in the first seriesof experiments had 
its origin almost entirely from the periosteum. 

There is usually considerable difference in 
the processes of ossification at the two ends of 
the transplant. Larger callus formation and 
much later bony union nearly always occurs 
at the end nearer the middle of the shaft, which 
in these experiments was the upper one. 
There are two reasons for this: one is the 
better immobilization of the fracture nearer 
the end, which was quite decided, as the ulna 
was cut off just above the epiphysis, leaving 
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the lower fragment firmly attached to the 
lower end of the radius. The end toward the 
middle is not so firmly fixed; consequently, 
movement and displacement are more apt to 
result. The other reason is that the cortex is 
thicker toward the middle than at the ends 
and it is a well-known fact that delayed union 
is commoner in fractures of the shaft with a 
thick cortex and narrow medullary canal than 
in those of the epiphysis with a thin cortex 
and a larger canal filled with spongy bone 
from which bony callus formation rapidly 
occurs. 


II. TRANSFORMATION OF THE TRANSPLANT 
INTO A DUPLICATE OF THE NORMAL 
BONE WHOSE PLACE IT FILLS 
This is a purely compensatory change. 
The transplant is called upon to perform the 
function of the missing bone, which it will do 
more nearly if its form, size, and structure are 
changed to that of the missing portion. In 
case the defect is filled in by the unaltered 
excised portion, as in some of these experi- 
ments, no alteration in form will be necessary 
except that demanded by any malposition of 
fragments; but where a transplant of different 
size and shape is used, transformation will be 
called for in proportion to the degree of varia- 
tion. An internal transformation is also 
brought about by the nutritional disturbances 
resulting in death of nearly all of the bone- 
cells. The living cells of the transplant 
proliferate and form new bone which gradual- 
ly takes the place of the dead portions. 
Blood-vessels and osteogenetic cells from the 
surviving peripheral portions gradually grow 
into and dilate the haversian canals, deposit- 
ing circumferential lamella of new bone as the 
old is absorbed. This is the so-called ** creep- 
ing substitution’’ of old bone by the new, 
which process continues until all of the dead 
cortex is replaced, requiring from three 
months to a year or more for completion, de- 
pending upon the size and density of the trans- 
plant. The surviving superficial portions 
which bring about this transformation are the 
periosteum, endosteum, and some of the bone- 
cells. 
1. In those experiments where periosteum 
and endosteum were left on, substitution of 
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the dead cortex by new bone occurred most 
rapidly because the transplant contained the 
greatest amount of living osteogenetic tissue. 
In Experiment 105, 51 days old, about one- 
fifth; in Experiment 107, 132 days oid, about 
one-half; and in Experiment 113, 350 days old, 
all of the old dead bone had been substituted 
by new. 

2. In those experiments where periosteum 
was removed and substitution occurred from 
the living osteogenetic cells of the endosteum 
and surface of the bone, transformation was 
slower than where periosteum was left on. 
Thus. in Experiment 173 L,87 days old, only a 
very small amount; in Experiment 144 R, 
64 days old, about one-third; and in Experi- 
ment 143 L, 348 days old, five-sixths of the 
old bone had been replaced by new. 

3. Where both periosteum and endosteum 
were removed and the surface whittled away, 
there were only a few surviving cells from 
which osteogenesis and transformation could 
occur. Unfortunately, there were no old ex- 
periments in this group, the oldest one being 
75 days. In it there was a small amount of 
callus formation at either end of the trans- 
plant and a trace of new bone in some of the 
superficial porous spaces without any definite 
evidence of substitution. Because of the 
small amount of osteogenetic tissue present 
and the absence of substitution in this case 
it is safe to say that transformation into new 
bone would be proportionately delayed in 
older transplants. Where the transplant was 
cut up into small fragments, as in Experiment 
181. callus formation was more abundant but 
the cells of the interior died and were absorbed 
which meant eventually a transformation of 
the dead cortex. 

In those experiments where the excised 
portion was split longitudinally and only 
one-half was reimplanted, marked osteogensis 
occurred on the part of the endosteum with 
the formation of new bone throughout the 
entire length of the medullary canal, which 
rounded off the transplant into a cylinder 
giving it the shape of the original bone whose 
place it filled. (See Experiment 153, 64 days 
old.) The process of transformation ap- 
proaches completion as the experiment in- 
creases in age. 


4. In five specimens ranging in age from 
10 to 200 days, the excised portion was boiled 
before reimplantation. It became surrounded 
by a fibrous covering and some absorption 
of the dead cortex occurred. A fibrous union 
formed at either end, but in none of the speci- 
mens was there, as yet, any substitution by 
the ingrowth of new bone from the ends of 
the fragments. 


ANATOMICAL CLASSIFICATION OF 
EXPERIMENTS 

The experiments, except where otherwise 
specified, were performed upon the lower 
portion of the ulna and consisted in reim- 
plantations of part or all of the excised por- 
tions treated according to the series to which 
they belong. For convenience of description 
the reimplanted bone will be spoken of as the 
transplant and the points of contact of its 
ends with the fragments as the upper and 
lower fractures. 


I. TRANSPLANT WITH PERIOSTEUM INTACT 

I. Transplant with periosteum and endos- 
teum intact; ends of the fragments intact. 

a. Entire segment of shaft reimplanted. 

3 day experiment. No. tog. Transplant 
two-thirds inch long. 


Examination shows considerable extravasation 
of blood in the soft parts about the transplant; 
fractures bridged over and transplant surrounded by 
blood-clot out of which the transplant is easily 
lifted. There is a slight swelling of the periosteum 
at the end of the fragments, but none of the trans- 
plant. Transplant and ends of fragments de- 
calcified and sectioned en masse. Microscopic 
examination shows that the clot surrounding the 
transplant and filling in the gaps at the seats of 
fracture consists largely of a fibrinous network. 
The medullary canal of the ends of the fragments 


‘and transplant is filled with blood. Neither the 


periosteum nor the bone-cells of the transplant show 
any changes. There is a small amount of blood 
extravasation beneath the periosteum of the ends 
of the fragments and beginning proliferation of the 
inner layer of the periosteum. 

10 day experiment. No. 113. Transplant 
two-thirds inch long. 

Good approximation with ends of fragments. 
Small spindle-shaped periosteal callus at seat of 
both fractures, somewhat greater on end of trans- 
plant. No thickening of periosteum over middle 
portion of transplant. Longitudinal section of the 
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Fig. 8. 6 day Experiment No. 142. Cortex with most 
of its lacune vacant; many cells normal in appearance. 
a, organizing blood-clot about surface; b, vacant lacunze; 
c, normal appearing cells; d, extravasated blood in haver- 
sian canals. 


decalcified specimen shows both intermediary cal- 
luses composed largely of fibrous tissue, but partly 
of organizing blood-clot between the ends of the 
compacta. Ends of the medullary canal of both 
transplant and fragments filled for a short distance 
with callus. 

Microscopically, the periosteal calluses at the 
seats of fracture are fibrous except for a beginning 
ossification along the cortex on the ends both of 
fragments and of the transplant. The medullary 
callus filling the ends of the medullary canal at the 
fractures is partly ossified. The cells of the com- 
pacta of the transplant in almost one-half of its 
extent have either disappeared or are very much 
shrunken and stain poorly. The remaining cells 
are about normal in appearance and staining qual- 
ities. Marrow of middle of transplant normal in 
appearance. 

26 day experiment. No. 105. 
two-thirds inch long. 

Dog died of distemper twenty-six days after the 
operation; considerable emaciation. Dissection at 
the seat of operation shows muscles firmly adherent 
about the transplant. Approximation at the lower 
end is good. There is slight mobility, and union by 
a small spindle-shaped callus. Considerable lateral 
displacement at the lower end; free mobility and 
union by spindle-shaped fibrous callus. The callus 
at the seats of fracture is greater from the ends of the 
Iragments than from the ends of the transplant. 
When the transplant and ends of the fragment are 
split open longitudinally the medullary canal is 
seen to be filled with callus for a distance of half a 
centimeter from the ends. 


Transplant 
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Fig. 9. 27 day Experiment No. 180. Regeneration 
from chips of cortex with periosteum and endosteum re- 
moved. a, pieces of old bone, lacune all vacant; b, new 
bone formed from surviving cells; c, fibrous callus. 


Microscopically, the intermediary callus of 
both fractures is fibrous, but the periosteal callus 
has ossified except for a thin cortical fibrocartilagi- 
nous portion. The medullary callus consists of 
spongy bone, and ossification of the intermediary 
callus is proceeding both from it and from the 
periosteal callus. The bone-cells of the cortex of 
the transplant are all dead and nearly all absorbed, 
leaving the lacune vacant. The periosteum along 
the transplant away from its ends is alive and on one 
side has formed a thin callus which has largely os- 
sified. The medullary canal of the transplant is 
filled at the ends with bony callus and in its middle 
portion with dead marrow-cells which have been 
partly substituted by a pale fibrous tissue. There 
is no evidence of either absorption or substitution 
in the compact cortex of the transplant. 

Here the periosteum has formed a partly 
ossified callus along the entire transplant on 
one side and at both ends. Endosteum has 
formed a bony medullary callus in the ends 
of the transplant. That this bony tissue did 
not come from the fragment ends by * osteo- 
conductivity” is certain, for there is no bony 
bridge at either end, both intermediary cal- 
luses being fibrous. The bone-cells of the 
cortex are practically all dead and absorbed, 
but substitution by new bone has not yet 
begun. 

51 day experiment. No. 106. Transplant 
four-fifths inch long. 
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Fig. ro. 51 day Experiment \ . 106. Periosteum and 
endosteum on. a, new bone med from periosteum; 
b, dead cortex; c, revascularized aaversian canal; d, new 
bone from endosteum. 


Dissection shows the muscles adherent to the 
transplant as before operation. At the lower end 
there is perfect apposition and firm bony union 
with only slight thickening at the seat of fracture. 
There is some lateral displacement at the upper end 
and union is by a large spindle-shaped calius which 
is bony except for the intermediary callus, ossifica- 
tion having occurred from the ends of both the 
transplant and fragments. ‘There is no enlargement 
of the transplant except for the callus about its ends. 

Microscopically, the cells of the compacta are all 
dead. There is a thin layer of new bone along the 
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surface of the transplant formed from the perios- 
teum in most of its extent. Toward the ends it 
thickens and passes over into the spindle-shaped 
calluses. The medullary cavity at either end is 
filled with a bony callus which at the lower end 
blends with that of the end of the fragment, the 
intermediary callus being ossified, but at the upper 
end the two are separated by a fibrous inter- 
mediary callus. The medullary canal of the 
transplant away from the ends is filled by a pale 
fibrous connective tissue, all traces of marrow having 
disappeared. From the periosteum of the surfaces 
of the transplant and from the callus of the medul- 
lary canal, blood-vessels have grown into many of 
the old haversian canals. In many of these canals 
substitution has begun by absorption of the old 
cortex and deposition of the new bony lamella, so 
that some of the cortex has been transformed into 
new bone (Fig. 10). 


132 day experiment. No. 107. Segment 
three-fourths inch long excised and _ reim- 
planted. 


Dissection shows normal appearance of the ulna 
except for small spindle-shaped callus at the seat 
of the upper fracture. Seat of lower fracture 
cannot be detected. No mobility at either end. 
No appreciable thickening along the course of the 
transplant. Microscopical examination of longi- 
tudinal section through the transplant and through 
the segment shows bony union of the lower fracture 
by intermediary callus of dense irregular trabecule. 
Medullary canal at the seat of fracture contains a 
few coarse trabeculae. At the upper fracture there 
is a spindle-shaped callus whose periosteal and medul- 
lary portions are completely ossified. The inter- 
mediary callus is ossified from either end except 
for a very narrow incomplete fibrocartilaginous zone 
through its middle. The cells of the compacta of 
the transplant have disappeared, leaving the lacune 
empty. Revascularization of the transplant has 
occurred with absorption of portions of the dead 
cortex and deposition of new bone in its place so that 
about one-half of the old compacta is substituted by 
new bone. The medullary canal of the transplant 
is filled partly by a pale fibrous tissue but largely by 
new marrow which is taking the place of the fibrous 


‘ tissue (Fig. 1, Frontispiece). 


350 day experiment. No. 113. Segment 
one inch long excised and reimplanted. 


Dissection shows an apparently normal ulna. 
The seats of the fractures cannot be detected as 
there is neither periosteal nor medullary callus to 
be seen in the location of either. Microscopically, 
almost complete absorption of the old compacta has 
occurred with replacement by new bone. There 
are a few islands of old bone to be seen near the 
upper end of the transplant. The seat of the 
transplant was easily detected by the irregular 
course of its fibers and haversian canals as the 
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Fig. 11. 164 day Experiment No. 144 R. Transplant 
with periosteum removed. Dead cortex partly substituted. 
a, old cortex with lacunz vacant; b, new bone; c, new bone 
in dilated haversian canals. 


normal arrangement into longitudinal lamella had 
not yet taken place. 

b. One-half segment split longitudinally 
used as transplant. 

Transplant with periosteum, marrow and 
endosteum intact but consisting of one-half 
of the shaft split longitudinally. 

10 day experiment No. 154. 
three-fourths inch long. 


Transplant 


There is a small amount of thickening of the ends 
of the fragments where they come in contact with 
the transplant. The intermediary spaces are 
filled in by a fibrous callus which is partly organized 
by an ingrowth from the ends. The transplant 
is surrounded in places by fibrin which is full of 
leucocytes and fibroblasts. There is formation of 
fibrous callus by proliferation of the inner layer of 
the periosteum along almost the entire extent of the 
transplant. There is a layer of fibrous callus in the 
exposed half of the medullary canal throughout its 
entire extent but most marked at the ends. About 
half the cells of the compacta of the transplant have 
been absorbed and many of those remaining stain 
very poorly. The ends of the fragments are filled 
with a small amount of new bony and fibrous callus. 


33 day experiment. No. 170 L. 


Dog died of distemper. The soft parts are 
adherent about the transplant. There is a large 
callus at the seat of both fractures which is 
undergoing ossification from the ends of the frag- 
ments. There is only a small amount of callus 
formed from the periosteum toward the fragment 
ends and almost none in the medullary cavity. 
There is a considerable amount of bony absorption, 
the numerous haversian canals being dilated and the 
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Fig. 12. 348 day Experiment No. 143 L. Transplant 
with periosteum removed. Dead cortex largely substituted 
by new bone. a, dead cortex; b, new bone; ¢, fibrous cover- 
ing over periosteal surface. 


spaces filled by fibrous tissue but no evidences of 
substitution. The cells of the compacta are all 
dead and have disappeared. 

This osteoporosis without substitution by 
new bone and without extensive callus forma- 
tion along the surface is evidence that cither 
a mild infection occurred at the seat of the 
transplant or an extensive haematoma formed 
about it resulting in death of the greater por- 
tion of the periosteum and endosteum and all 
of the bone-cells. 

64 day experiment. No. 153. 
three-fourths inch long. 


Transplant 


Considerable angulation at the lower fracture. 
There is a rounding-off of the transplant so that it 
has assumed almost the form of a cylinder. There 
is a small bony callus at the seat of the upper fracture 
and a larger fibrous callus at the lower end which 
permits of some mobility. Microscopically, the 
callus uniting the upper fracture consists of rather 
coarse irregular bony trabecula. At the lower 
fracture where the callus is large its intermediary 
portion is fibrous but ossification has occurred on the 
end of both the transplant and fragment. A large 
bony callus has formed which fills out the medullary 
canal so that the defective half of the segment is 
almost restored. Along the periosteal surface there 
is a thin layer of new bone which becomes very 
much thickened as it passes over into the calluses of 
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the fractures. The cells of the compacta of the 
transplant have largely disappeared leaving the 
lacune vacant, and those which remain stain very 
feebly. The haversian canals are dilated, giving a 
coarse character to the transplant. Marked sub- 
stitution of the old cortex has occurred so that one- 
fourth of the transplant consists of new bony 
lamellz which are scattered irregularly throughout 
the dilated old canals. Substitution is most marked 
about the periphery (Fig. 2, Frontispiece). 

Callus formation along the course of the 
transplant is very much greater from the 
endosteum than from the periosteum because 
of the functional demand on this side for 
restoration of the defective half. 

84 day experiment. No. 156. Transplant 
one inch long. 


Segment somewhat obliquely placed; poor ap- 
proximation at the seat of both fractures. Union at 
either end by spindle-shaped fibrous callus. The 
transplant is hypertrophied, particularly along the 
course of the medullary canal where the callus rounds 
it off into a flattened cylindrical form. There is no 
new bone along the periosteal surface except where 
the calluses at the ends are ossified. The cells of the 
cortex of the transplant have all been absorbed, 
leaving the lacune vacant. There is revasculariza- 
tion of the haversian canals with considerable ab- 
sorption of the old bone and ingrowth of new bone 
from the surfaces so that the transplant is about 
one-fourth substituted by new bone. 

In this specimen while both intermediary 
calluses are fibrous the transplant contains 
bony callus along its entire extent and one- 
fourth of the cortex has undergone substitu- 
tion by new bone. This conclusively dis- 
proves Dr. J. B. Murphy’s contention that no 
new bone formation occurs from the tissues 
of the transplant and that it acts simply as an 
osteoconductive agent. 

II. Transplant with its periosteum on, but 
with periosteum cut from the ends of the 
fragments for 1-114 cm. 

11 day experiment. No. tro. 

Transplant is obliquely situated. There is a loose 
fleshy layer of tissue covering the denuded ends of 
the fragments and filling in the seats of the fractures. 
Slight thickening of the periosteum back of the de- 
nuded ends. Visible thickening of the periosteum of 
the transplant on the side of the angle at the lower 
end. Specimen decalcified and sectioned en masse. 
Microscopical examination of the ends of the frag- 
ments shows periosteum bordering on the denuded 
ends slightly proliferating, with ossification in its 
inner portion. The denuded surfaces are covered 
by a layer of partly organized blood-clot. The 
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intermediary callus consists of a similar material 
but less highly organized. Ends of the medullary 
canals filled for two-thirds centimeter with fibrous 
medullary callus which has begun ossification along 
the walls of the canal. The bone-cells of the cortex 
for one-half to one-third centimeter from the ends 
are dead and many of the lacune are empty. 

The transplant. The periosteum in the entire 
length of the transplant is thickened, but greatest 
at the ends where it forms callus for the repair of the 
fractures and has begun ossification along the sur- 
face of the cortex. There is a small amount of 
fibrous callus in the ends of the transplant but not to 
the same extent as is seen in the medullary canals of 
the fragment ends. The marrow away from the 
ends is practically normal in appearance. Most of 
the bone-cells of the cortex are either shrunken 
or stain very poorly. Some have entirely disap- 
peared leaving empty lacuna. A few scattered 
cells are normal in appearance. There is no evi- 
dence of absorption of the compacta. 


21 day experiment. No. 133. 


Dissection shows slight obliquity of the transplant. 
There is a spindle-shaped callus at the seat of each 
fracture, more marked at the upper one. Mobility 
at both ends. The spindle-shaped calluses have 
formed mostly from the ends of the transplant. The 
fragments show slight thickening of the periosteum 
at its cut margins one to oneand one-half centimeters 
from the fractures. The surface of the ends which 
have been denuded of periosteum are covered by a 
fibrous layer which increases in thickness as the 
transplant is neared and takes some part in the 
formation of spindle-shaped calluses. Calluses are 
thickest on the sides of the angles. Microscopically, 
the periosteal thickening at the cut margin on the 
fragments is ossified except in its outer portion. 
The surface denuded of periosteum is covered by a 
thin layer of granulation tissue except where it 
passes into the spindle-shaped callus, at which point 
there is a small amount of ossification. In most of 
its extent, the denuded surface shows evidences of 
lacunar absorption. The cells of the compacta 
near the ends have died and most of them have been 
absorbed. The larger haversian canals, however, 
are filled with capillaries which are growing out from 


. the adjacent living bone. 


The transplant. The intermediary callus at both 
ends is fibrous. There is a periosteal callus over 
almost the entire extent of the surface of the trans- 
plant. It is thickest at the ends and is ossified in its 
inner portion. The bone-cells of the cortex and the 
capillaries of the haversian canals are dead and have 
been largely absorbed. In a few places, near the 
ends, there has been some absorption of cortex 
along the surface with revascularization of haversian 
canals by ingrowth from the living periosteal tissue. 
The ends of the medullary canal are filled for half a 
centimeter by a fibrous callus which has partly 
ossified along the surface. The rest of the medullary 
cavity is filled by dead marrow which is being sub- 
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Fig. 13. 


Fig. 14. 


Fig. 13. Cartilaginous exostosis of upper end of the shaft of the humerus. Fig. 14. 
Same case as Fig. 13, showing regeneration of shaft three months after subperiosteal 


resection. 


stituted by the ingrowth of fibrous tissue. The ends 
of the fragments are filled with extensive medullary 
callus which has ossified at the ends and ossification 
has begun to extend into the intermediary calluses. 


40 day experiment. No. 111. Fig. 3, 
(Frontispiece). Transplant two-thirds inch 
long. 


In good position. The seat of operation shows 
thickening of the transplant from the formation 
of a callus along its entire extent. There is a small 
spindle-shaped callus with slight mobility at the 
seat of each fracture. Back of the denuded sur- 
faces of the fragment ends there is a ring of callus 
formed by the free margin of periosteum. The 
denuded surfaces are covered by a layer of fibrous 
tissue which leaves a slight groove between the 
spindle-shaped calluses at the seats of fracture and 
the rings of callus at the free margins of the perios- 
teum. On the upper fragment, bony callus seems 
to be growing down over the denuded end. Mi- 
croscopical examination of the ends of the fragments 
shows the ring of periosteal callus back of the de- 
nuded surfaces to consist of spongy bone in its inner 
portion and fibrous tissue in its outer portion. The 


covering over the denuded ends shows a few areas of 
ossification along the bony surface but in most places 
there is a roughening of the cortex from absorptive 
changes. The bone-cells of one-half centimeter 
of the end of the cortex are dead and most of their 
lacune are empty. A medullary callus of scattered 
bony trabeculae fills the ends of the fragments for 
one-half centimeter. The transplant is surrounded 
in most of its extent by a callus, varying in thick- 
ness, which consists of spongy bone in its inner 
two-thirds, and ossification of the remaining portion 
is proceeding through a thin interrupted zone of 
cartilage which separates it from the outer fibrous 
callus. On one side at the lower end, periosteal 
callus is absent and a fibrous tissue covers over the 
surface. The cells of the compact bone have 
practically all been absorbed leaving the lacunar 
spaces empty. The capillaries of the haversian 
canals have disappeared but revascularization of the 
larger ones is occurring by ingrowth from the 
periphery. In a few places about the surface and 
along the haversian canals absorption of the dead 
bone has occurred and new bone has been sub- 
stituted. The marrow of the medullary canal is 
dead in its central portion and it has been substituted 
by a pale-staining fibrous tissue. There are only a 
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few bony trabecule in the ends of the canal of the 
transplant. The intermediary calluses are fibrous 
but ossification has begun to extend into them from 
the ossified medullary calluses of the ends of the 
fragments. There is a cavity filled with fluid in the 
lower one between the ends of the cortex (Fig. 3, 
Frontispiece). 

This specimen illustrates well the activity 
of the periosteum when left on a transplant 
and the scarcity of bony callus on the ends of 
the fragments where the periosteum has been 
cut away; also the impossibility of osteocon- 
ductivity as an explanation for the new bone 
on the transplant. 

50 day experiment. No. 140. 
edly emaciated, died of distemper. 

Transplant three-fourths inch long. Slight in- 
fection of the wound with formation of a sinus 
which is still present. Transplant slightly oblique 
with no visible evidences of infection. Union at 
both ends by a fibrous callus. [Free mobility at the 
upper end. Callus at the upper fracture is thick 
upon the end of the transplant but that portion over 
the fragment end and the intermediary callus is 
small. At the lower end there is lateral displace- 
ment so that one side of the cortex projects into the 
medullary cavity of the fragment. Union is by a 
small callus formed from the ends of both the 
transplant and the fragrents. There is no thicken- 
ing of the transplant except at the ends as described. 
Microscopically, both intermediary calluses are 
entirely fibrous. The denuded end of the upper 
fragment is covered by athin fibrous layer, with some 
absorption along the periosteal surface on one side, 
and by a thin layer of new bone on the other which 
layer extends to within half a centimeter of the end. 
The denuded surface of the lower fragment is 
covered by a thin layer of fibrous tissue except at the 
end where the angle between it and the transplant 
is filled out by a callus which is ossified in its inner 
portion. The ends of the medullary canals of the 
fragments are partly filled by coarse bony callus. 
The cells of the cortex for a short distance at the ends 
have been destroyed. 

The transplant. The callus at either end and 
along the surface consists of coarse, spongy bone in 
its inner portion which passes over into a fibrous 
outer layer with an intervening cartilaginous zone. 
The medullary canal is filled by a pale fibrous tissue 
except for a small amount of new bone filling either 
end. The cells of the compacta have all been ab- 
sorbed leaving the lacune vacant. There has been 
considerable absorption with dilatation of the 
haversian canals. Blood-vessels are growing in 
from the periphery and in a few canals a small 
amount of new bone formation is seen. 

There has been considerable delay in the 
process of healing in this case because of the 
sickly condition of the animal. There is also 


Dog, mark- 


evidence of mild infection as shown by the 
fistula, the thick, coarse, bony callus covering 
the fragment and absorption of the transplant 
without substitution by new bone. There 
has been considerable delay in the ossification 
of the intermediary calluses. 

61 day experiment. No. 
emaciated when killed. 

Transplant two-thirds inch long; in good 
position. Union at both ends by small fibrous 
callus. Slight mobility at both ends. There is no 
appreciable thickening over the ends either of the 
fragments or of the transplant. Microscopical 
examination shows that both intermediary calluses 
are fibrous. The periosteal surface of both the 
transplant and the denuded ends of the fragments is 
covered by a layer of fibrous tissue. There is 
considerable lacunar absorption along both the 
surface of the transplant and the ends of the frag- 
ments and only a small amount of bony callus forma- 
tion on the ends of the transplant. The medullary 
canal of the transplant is filled with marrow except 
at its ends, which are bridged over by bony callus. 
The cells of the compacta are all dead and have been 
absorbed leaving the lacune empty. Insome places 
there has been dilatation of the haversian canals but 
in only a few has there been substitution by new 
bone. Along the medullary canal there is a layer of 
newly formed bone. The medullary canal is filled 
with fibrous tissue except for thin bridges of bone at 
either end. No marrow tissue is present. It is to 
be noted that the reaction here has been very 
sluggish, due, probably, to the emaciated condition 
of the animal. 


11g day experiment. No. 139 R.  Trans- 
plant two-thirds inch long; in good position. 

The seat of the lower fracture cannot be made out. 
There is mobility at the upper end and union by a 
small fibrous callus. There is slight new bone 
formation along the surface of the transplant but 
none on the surface of the fragment ends. The 
bony union is by irregularly arranged dense trabe- 
cule. The medullary canal at the seat of the frac- 
ture is filled with coarse trabeculae. At the upper 
fracture the intermediary callus is fibrous but that 


139 R. Dog 


‘of the periosteal callus of the end of the transplant 


isbony. A bony medullary callus fills the ends both 
of the transplant and of the fragments. 

The transplant. The cells of the compacta bone 
have all been absorbed leaving the lacune empty. 
About one-fourth of the compacta has been sub- 
stituted by new bone which has formed in the dilated 
haversian canals. 


II. TRANSPLANT WITH PERIOSTEUM 


REMOVED 


1. Ends of the fragments with periosteum 
intact. 


: 
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94 day Experiment No. 155 B. Periosteal flap 


Fig. 15. 
which formed a pea-sized nodule attached to femur by a 
fibrous pedicle. 


In this series there were seven experiments 
ranging in age from ro to 119 days. 

10 day experiment, No. 174. 

Described in the chapter on the healing of frac- 
tures through a transplant. 

11 day experiment. No. 172 R. Trans- 
plant one and one-fourth inches long. 


Very small amount of periosteal callus on ends of 
the fragments at seat of fracture, but none on the 
transplant which is covered by a layer of granulation 
tissue. The intermediary calluses are partly fibrous 
and partly blood-clot and do not project beyond the 
surfaces. Split open longitudinally, the ends of the 
medullary canals both of the transplant and of the 
fragments are filled with a partly ossified medullary 
callus. Microscopically, both the periosteal and 
medullary calluses have begun ossification along 
their bony surfaces, the process being more marked 
in the medullary portions. About one-half of the 
bone-cells of the cortex of the transplant have dis- 
appeared and some of those remaining are shrunken 
and stain poorly. The capillaries of the haversian 
canals are dead and the blood-vessels of the larger 
ones stain poorly. Periosteal surface of fragment 
covered by a layer of largely organized blood-clot, 
and in places there is a slight amount of absorption 
of the cortex, but nowhere is there any callus for- 
mation. Marrow of the middle portion of the me- 
dullary canal is normal in appearance. 

In this specimen there was slight callus 
formation on the ends of the fragments, and 
in the medullary canals of both fragments and 
transplant, but there was none on the perios- 
teal surface of the transplant. 

26 day experiment. No. 169 r. 
plent one and one-eighth inches long. 


Trans- 


There is good approximation at the upper end 
with bony union by a medium-sized callus which 
has ossified in its periosteal and medullary portions. 
There is an intermediary callus of fibrous tissue 
which is undergoing ossification from the fragment 
end. Lower fracture shows considerable  dis- 
placement of fragments. There is union by fibrous 
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Fig. 16. Photomicrograph of 164 day Experiment, No. 


144 R, showing creeping substitution of old bone by the 
new. a, old bone; b, new bone; c, new blood vascular 
canals. 


callus which has partly ossified from the end of the 
fragment. 

The transplant. On one side there is a thin layer 
of bony callus along almost its entire length. On 
the other side there is, here and there, an irregular 
layer of new bone. The callus on its ends is much 
smaller than on the ends of the fragments. The 
ends of the medullary cavity are filled with new 
bone which is not as extensive as that filling the 
ends of the canal of the fragments. About one-half 
the cells of the compacta of the transplant are dead 
and many of them have been absorbed. Some stain 
quite well and others show marked shrinkage of the 
nuclei. The medullary cavity away from the ends 
is filled by necrotic marrow. 

Here again there is bony callus formation 
along the surface of the transplant although it 
is small in amount. 

65 day experiment. No. 178 U. Segment 
one and one-fourth inches long in good posi- 
tion. 


No callus formation about it. There is union by 
small fibrous callus of the upper end. There is in- 
fection and non-union at the lower end. The tip 
of the transplant is necrotic and sequestration is 
occurring. At the upper fragment union is by a 
fibrous intermediary callus without any periosteal 
callus formation whatever. The medulla of the 
ends of the fragments is filled by bony callus for one- 
half inch. 

The transplant. There is no callus formation of 
any sort from the entire transplant. The bone-cells 
of the cortex are all dead and most of them have been 
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absorbed. The transplant is covered by a thin 
fibrous layer with some lacunar absorption along 
the surface. The lower end, which is necrotic and 
sequestrated, is surrounded by granulation tissue. 
The medullary cavity is filled throughout by loose 
fibrous tissue. The marrow has entirely disap- 
peared. In this specimen there has been an un- 
usually scanty reaction on the part of the fragments 
and there seems to have been complete death of the 
transplant. This is due both to the local infection 
and to the debilitated condition of the animal, which 
died of distemper. 

87 day experiment, No. 174 L. 

Is described in the chapter on healing of fractures 
through a transplant. 

119 day experiment. No. 118. 

Transplant obliquely placed. There is_ little 
callus and some mobility at the seat of both frac- 
tures. Small amount of periosteal and medullary 
bony callus at the ends of the fragments. Both 
intermediary calluses ossifying from the ends but 
fibrous in their middle portions. The transplant is 
covered by a layer of fibrous tissue and shows 
roughening and absorptive changes along its surface 
except at the ends, where there is some bony callus 
filling out the angles. The medullary canal is 
filled at the ends with a small amount of bony callus 
and with fibrous tissue in the rest of its extent. 
The bone-cells of the compacta are all dead and 
absorbed leaving the lacune vacant. The larger 
haversian canals have been revascularized and 
there has been some substitution of the dead bone 
by new, particularly along the endosteal side toward 
the ends. 

2. Ends of the fragments with periosteum 
removed. 


6 day experiment. No. 142. Transplant 
three-fourths inch long. 
Dissection shows fragment in good position. 


Blood-clot covers the denuded fragment ends and 
the transplant and fills in the intermediary spaces 
of the fractures. There is no thickening of the peri- 
osteum bordering on the denuded ends of the 
fragments. Microscopically, the lower fragment 
has a fibrous clot covering the surface of the denuded 


end which is partly organized by the ingrowth of 


granulations. Periosteum bordering on the de- 
nuded end shows slight thickening in its inner por- 
tion. The end of the medullary canal is filled for a 
distance of one centimeter by fibrous callus which is 
just beginning ossification along the surface. Upper 
fragment. The surface freed of periosteum is 
covered by an organizing blood-clot except in a few 
places on one side where there are islands of fibrous 
callus which have evidently formed from portions 
of periosteum which were not removed. The cells 
of the ends of the fragments stain poorly and many 
of them have been absorbed. The. transplant is 


surrounded by a layer of organizing blood-clot. 
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The medullary cavity is filled with blood in almost 
its entire extent. There is no fibrous callus in the 
ends of the cavity. There are two or three islands 
of callus along the periosteal surface which are 
evidently due to the proliferation of small periosteal 
rests. Most of the cells of the compacta of the 
transplant either show evidences of necrosis or have 
been absorbed. Other cells stain quite normal. 
There is no evidence of absorption or new bone for- 
mation withinthe substance of the compacta (Fig. 8). 
10 day experiment. No. 120. 
three-fourths inch long. 


Dog died ten days after the operation but there 
is no evidence of infection. The muscles were 
adherent to the transplant by loose granulation 
tissue. There was little blood in the vicinity. 
The segment is slightly obliquely placed. The 
surfaces of the fragment ends and of the transplant 
are covered by a layer of fibrous tissue and the 
intermediary spaces of the fractures are filled in by 
a granulating blood-clot. The transplant is easily 
dislodged from its position. 

Upper fragment. The periosteum bordering on 
the denuded end is slightly thickened with ossifica- 
tion along the cortical surface. The denuded sur- 
face is covered by a layer of granulation tissue with- 
out any evidence of ossification. Lower fragment. 
The periosteum has formed quite an extensive ridge 
of callus back of the denuded end, which is covered 
by a partly organized blood-clot. The callus at 
the cut end of the periosteum is bulging forward on 
the surface of the denuded end. 

The transplant. The transplant shows no perios- 
teal callus along its surface. There is a small 
amount of fibrous callus filling the ends of its medul- 
lary canal. The cells of the compacta stain poorly, 
about a third of them being absorbed. The marrow 
filling the medullary cavity away from the ends is 
almost normal in appearance. 

28 day experiment. No. 141. 
one-half inch long. 

Somewhat obliquely placed. There is a slight 
spindle-shaped callus at the seat of both fractures, 
more marked at the upper one where the displace- 
ment is greater. The denuded ends and the sur- 
face of the transplant are covered by a layer of 
fibrous granulation tissue. There is slight thicken- 
ing about the cut ends of the periosteum of the 
fragments. Mobility of both fractures. Mi- 
croscopically, the callus formed at the cut ends of 
the periosteum has ossified in its inner portion and 
on the ends of the transplant and of the fragments 
there is slight ossification of the spindle-shaped 
peripheral calluses at the seats of fracture. The 
fibrous layer covering the transplant shows no 
ossification except at the ends specified. The in- 
termediary callus of both fractures is fibrous. There 
is a largely ossified medullary callus filling the ends 
of both the fragments and the transplant, but much 
greater in amount in the ends of the fragments 


Transplant 


Transplant 
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The marrow-cells of the middle of the transplant 
are dead and there is a small amount of substitution 
by fibrous tissue. The bone-cells have nearly all 
disappeared and those which remain have shrunken 
nuclei and stain very poorly. 


38 day experiment. No. 121. Transplant 


one-half inch long. 


Considerable angulation at the lower fracture. 
Dissection shows soft parts firmly adherent about 
the transplant with small spindle-shaped calluses 
at the seats of fractures, more marked at the upper. 
The intermediary calluses are fibrous. Free mobil- 
ity of both fractures. Periosteum back of the de- 
nuded ends has formed a ring of bony callus on 
both fragments, and there is a covering of fibrous 
tissue of moderate thickness about the transplant. 
Microscopically, the denuded ends of the bones are 
covered by a thin layer of fibrous tissue in which 
there is practically no ossification. Toward the 
ends of the transplant where the callus is thickest 
on the side of the angles there is a small amount of 
ossification along the cortical surface of the bone. 
The covering of the transplant elsewhere consists 
of fibrous tissue. Ends of the fragments filled by a 
bony callus for two-thirds centimeter. The ends 
of the medullary canal of the transplant are filled 
by a fibrous callus which is partly ossified along the 
surface. The marrow of the middle portion is 
necrotic. The cells of the compact bony cortex 
have largely disappeared leaving the lacune vacant. 
Capillaries of the haversian canals are also dead and 
the canals are largely empty. About the periphery 
revascularization is occurring by an ingrowth of 
capillaries from the fibrous covering. There is a 
small amount of absorption about the surface and 
ends of the transplant. 

No. 122. 


42 day experiment. Transplant 


three-fifths inch long. 


There was infection at the seat of operation and 
the formation of a sinus which persisted up to the 
time the animal was killed. Dissection shows a 
granulating wound at the seat of operation. The 
transplant is surrounded by a mass of granulation 
tissue except at the lower end laterally at the 
termination of the sinus where its surface is entirely 
bare. There is a marked bulb-shaped callus on the 
ends of both fragments back of the denuded portion. 
There is death of the denuded ends and sequestra- 
tion is occurring. The intermediary spaces of the 
fractures are filled by a serous exudate. The granu- 
lation tissue which surrounds the fragment has also 
grown into and completely filled the medullary 
cavity. There is marked roughening of the surface 
and absorption of the transplant so that more than 
half of it has disappeared; also marked absorption 
along the surface of the dead fragment ends. The 
ends of the fragments are filled for one-half to one 
centimeter with a bony medullary callus. Mi- 
croscopically, the entire unabsorbed portion of the 
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transplant is dead and there is absolutely no bone 
formation along any portion of its surface. 


Infection resulted in the complete failure 
of this experiment and the rapidity with 
which absorption is occurring makes the 
transplant analogous to a sequestrum in a 
case of osteomyelitis. 


164 day experiment. No. 144R. 


Transplant three-fourths inch long; in good 
position. Firm bony union at the lower fracture 
with only slight callus persisting. At the upper end 
there is fibrous union, a large callus, and considerable 
mobility of the fragments. There is no thickening 
along the course of the transplant except at the ends. 
Microscopically, the lower fracture is united by a 
callus, consisting of irregular bony trabecule, which 
projects only slightly beyond the surface and fills 
to some extent the medullary cavity at its seat. 
The surfaces of the denuded ends and the transplant 
are covered by a fibrous tissue which is indis- 
tinguishable from the periosteum with which it is 
continuous. The large spindle-shaped callus at the 
upper fracture is fibrous in its intermediary portion 
but is ossified on the surfaces of the ends of the bones 
slightly more marked on the end of the fragment 
than the transplant. The ends of the medullary 
canals bordering on the intermediary callus are 
bridged over by a thin layer of bone. Ossification 
of the intermediary callus is proceeding from the 
ends of both transplant and fragment. The medul- 
lary cavity of the transplant in its upper portion is 
filled by pale-staining, sparsely nucleated fibrous tis- 
sue, but toward the lower end a considerable amount 
of new bone-marrow has been formed. The old com- 
pacta of the transplant is entirely devoid of cells. 
There has been marked absorption of the dead bone 
and dilatation of the haversian canals with new bone 
formation so that about one-third of the transplant 
has undergone substitution. This substitution is 
equally marked on the periosteal and medullary 
sides (Figs. ri and 16). 

Despite the fact that periosteum was re- 
moved from the ends of the fragment and 
from the transplant, substitution of the dead 
cortex of the transplant is taking place and 
bony union of the fractures is occurring; how- 
ever, it has been much slower in occurring 
than in the experiment of corresponding age 
where the periosteum was intact. 


199 day experiment. No. 144 L. Trans- 
plant four-fifths inch long. 

In good position. Muscles and tendons ad 
herent very much as before the operation. At the 


lower fracture there is firm bony union and except 
for a slight irregularity on one side its location could 
not be distinguished. At the upper fracture there 
is fibrous union by a medium-sized spindle-shaped 
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callus. There is no thickening along the course of 
the transplant away from its ends. The denuded 
surfaces of the fragments and of the transplant are 
covered by fibrous tissue which is firmly adherent 
and resembles periosteum. Microscopically, the 
lower fracture is united by a callus of irregular 
dense bony trabecule. The medullary canal at its 
seat is almost entirely restored, there being only a 
few coarse bony trabecule left. The spindle- 
shaped callus at the upper fracture has ossified on 
the ends of the bones but the middle zone of the 
intermediary callus consists of fibrocartilaginous 
tissue which is undergoing ossification from either 
end. Small amount of bone in the ends of the 
medullary cavity bordering on the intermediary 
callus. The transplant shows no thickening along 
its surface. The cells of the cortex of the transplant 
have all disappeared and more than two-thirds of 
the old compacta has been absorbed and substituted 
by new bone which consists of irregularly arranged 
trabecule and lamella. The medullary cavity is 
filled by a pale fibrous tissue in which there is a 
small amount of new bone marrow, here and there, 
about the periphery (Fig. 4, Frontispiece). 


293 day experiment. No. 143 R. 
plant three-fourths inch long. 


Trans- 


Approximation good at both ends. There is a 
small spindle-shaped callus at the seat of both 
fractures, slightly larger at the lower one. There is 
firm bony union at the upper end but fibrous union 
with slight infection at the lower. There is a small 
amount of granulation tissue with a fistula at the 
seat of the lower fracture. The denuded ends and 
the transplant are covered by a fibrous layer re- 
sembling periosteum. Microscopically, the callus 
at the upper fragment consists of bone except for a 
very narrow incomplete layer of fibrocartilaginous 
tissue in the intermediary zone. The callus uniting 
the lower fracture is osseous on the surface both of 
the end of the transplant and of the fragment. 
There is a very narrow zone of intermediary callus 
which is still fibrous. The medullary canal is 
filled for half a centimeter on either side with bony 
trabecule. 

The transplant. Cells of the old compacta are 
dead and it is three-fourths substituted by new bone. 
The substitution in most of its extent is more 
marked in the inner portion near the medullary 
canal. The new bone has been deposited in irregular 
lamellz along the course of the haversian canals as 
absorption of the old bone has taken place. The 
medullary canal away from the ends is filled by a 
mixture of fibrous tissue and new bone-marrow which 
contains some fat. 

Despite the fact that bony union at the seat 
of both fractures is incomplete, three-fourths 
of the compacta of the transplant has been 
substituted. The bone-marrow is _ being 
regenerated in the medullary canal of the 
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transplant, gradually taking the place of the 
fibrous tissue which filled the canal in the 
earlier experiments. 

348 day experiment. No. 143 L. Trans- 
plant three-fifths inch long. 


Soft parts adherent to the ulna as before the 
operation. There is complete bony union at the 
upper fracture and it is impossible to distinguish its 
location. At the lower fracture there is slight lateral 
displacement and an abrupt small spindle-shaped 
callus which permits of slight mobility. There is 
no enlargement along the course of the transplant 
except for this slight callus at the lower end and it is 
covered by a layer of fibrous tissue which is con- 
tinuous with and similar to the periosteum. Mi- 
croscopically, the bony callus uniting the upper 
fracture consists of dense and irregular trabecule. 
The lumen of the medullary canal at its seat is 
practically restored to normal. At the lower 
fracture the callus is ossified on the ends of both 
transplant and fragment, but the middle zone of 
the intermediary callus is fibrocartilaginous. The 
covering of the transplant consists of fibrous tissue. 
The old cortex in regions is entirely substituted by 
newly formed, irregularly arranged bony trabecule. 
In other regions there is a small amount of the old 
cortex with vacant lacune still remaining. The 
medullary canal is filled with normal marrow. 
(Fig. 12.) 


In this specimen the transplant is very 
largely substituted by new bone which instead 
of having its fibers arranged parallel with the 
long axis of the bone consists of irregularly 
arranged trabecule. Regeneration of the 
bone-marrow is complete. However, both 
substitution and the healing of its fractures 
are slower than in the 350 day experiment 
where periosteum was left on the transplant. 

From these experiments it is seen that 
when periosteum is removed from the trans- 
plant, the end of the fragment, or both, the 
peripheral callus at the seats of fracture is 
much smaller than when periosteum is left on 
and union of the fractures is thereby delayed. 
However, some peripheral callus forms not only 
from the growing out of the medullary callus, 
but also from the bone-cells along the cortex 
which survive and proliferate. Transforma- 
tion of the dead cortex into new bone by ab- 
sorption and substitution, and regeneration of 
the bone-marrow, is occurring from the surviv- 
ing cells of the transplant. This proves con- 
clusively that a transplant devoid of perios- 
teum may be successfully used for the repair 
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of a bony defect although the restoration is 
slower than when the periosteum is left on. 


III. TRANSPLANT OF CORTEX ONLY, WITH 
BOTH PERIOSTEUM AND ENDOS- 
TEUM REMOVED 


1. Transplant in one piece. 

21 day experiment. No. 1509. 

A piece of the crest of the tibia one inch long was 
excised, its periosteum and endosteum removed, 
and the cortex of both sides whittled off so that the 
transplant consisted exclusively of compact bone 
giving it the appearance of an ivory peg. ‘Trans- 
plant obliquely placed. Approximation fair at 
either end. There is a moderate-sized callus and 
some mobility at the seat of either fracture. Callus 
is much more marked on the ends of the fragments 
than on the ends of the transplant. There is a 
thin fibrous layer covering over the transplant. 
Microscopically, the periosteal and endosteal por- 
tions of the callus at the seats of the fractures are 
entirely ossified on the ends of the fragments but the 
intermediary callus consists of fibrous tissue which 
is undergoing ossification by an extension inward of 
the process from them. The smaller calluses on 
the ends of the transplant are largely fibrous but 
along the cortical surface at the ends there is quite 
extensive ossification. The transplant is somewhat 
porous along the medullary side. The cells of the 
compacta have all disappeared leaving the lacune 
vacant but along the medullary side and in these 
pores some of the cells have lived and there are 
lamella of new bone. Revascularization of some 
of the haversian canals has occurred. Along the 
periosteal side there is no new bone formation except 
in the calluses at the ends but the surface is rough 
from the occurrence of lacunar absorption. 

Despite the fact that the periosteum and 
endosteum were whittled away from this 
transplant a small amount of callus forma- 
tion occurred from its ends which has under- 
gone some ossification along the bony surface 
and some new bone formation has occurred 
along the medullary side and in the porous 
spaces. That this new bone formed from 
bone-cells which lived is a certainty, for the 
intermediary calluses are entirely fibrous, and 
consequently, osteoconductivity as an ex- 
planation is out of the question. The few 
cells which lived about the ends of the trans- 
plant have undergone extensive proliferation 
because of the functional demand in this loca- 
tion for repair of the fractures. 

+ T 

46 day experiment. No. 176. 

The transplant, slightly obliquely placed, consists 
of a splinter one inch long, taken from the crest of 
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the tibia with its periosteal and endosteal surfaces 
whittled off. The splinter is somewhat flattened 
and a little shorter than the space to be filled in. 
At autopsy the soft parts are adherent about the 
transplant, which is found to be considerably smaller 
in diameter than the fragments. There is a small 
fibrous callus uniting both fractures. The trans- 
plant is apparently not enlarged. Microscopically, 
the callus at both ends is fibrous in its intermediary 
portions but has ossified both from the ends of the 
fragment and from the ends of the transplant, al- 
though much less markedly from the latter. The 
callus formation is more marked on the sides of the 
angles and ossification of the callus on the end of the 
transplant has occurred only on those sides. The 
cells of the bony transplant have practically all 
been absorbed. There are some large canals and 
pores along the medullary side into which blood- 
vessels have grown and there is slight new bone 
formation along their walls. There is absorption 
along the periosteal surface where there is no callus 
formation except at the ends (Fig. 5, Frontispiece). 

Here, despite the fact that both periosteum 
and endosteum are removed, there is a small 
amount of new bone formation both in the 
calluses at the ends and in the larger pores 
along the medullary side. A very small 
amount of substitution has occurred about 
these pores. 

75 day experiment. No. 177. 

The transplant consists of a portion of compact 
bone from the crest of the tibia with its periosteal 
and endosteal surfaces whittled off. Dissection 
shows no enlargement along the course of the trans- 
plant. There is fibrous union at both ends. Con- 
siderable ossification of the calluses uniting the 
fractures has occurred from the ends of the frag- 
ments; only a very small amount on the sides of the 
slight angulation from the ends of the transplant. 
The cells in the remaining compacta of the trans- 
plant have all been absorbed. There has been a 
small amount of revascularization and dilatation 
of the haversian canals and along the medullary 
surface a small amount of new bone formation. 
Along most of the periosteal and some of the en- 
dosteal sides there has been some lacunar absorption. 

Here, too, a small amount of new bone for- 
mation has occurred from cells about the 
periphery of the transplant which have lived, 
and a suggestion of substitution of the trans- 
plant is present. The importance of func- 
tional demand in hypertrophy of the bone is 
shown by the more extensive bone formation 
in the calluses where there is demand for 
union of the fractures. 

In this type of experiment where so very 
few of the transplanted cells remain alive 
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they have a gigantic task thrown upon them 
in the regeneration and transformation of the 
transplant. In fact, in the last experiment, 
absorption in some portions by the surround- 
ing fibrous tissue has exceeded in amount the 
substitution by these surviving cells, which 
had occurred in others, so that the transplant 
is slightly smaller than when inserted. It is 
probable that after several months when 
bony union of the fractures is complete the 
much more abundant bony callus of the 
fragments would grow into the transplant and 
take part in its transformation. This is what 
one would expect to happen in the case of a 
medullary peg used for ununited fracture 
where the transplant is everywhere surround- 
ed by a callus derived from the medullary con- 
tents. 

2. Transplant cut into several small frag- 
ments. 

After removal of periosteum and endosteum 
and scraping the surfaces well, the remaining 
portion was cut into twelve or fifteen small 
fragments which were placed within the de- 
fect. There were three experiments, 8, 27, 
and 55 days old respectively. 

8 day experiment. No. 181. 

Dog died from distemper. Dissection showed no 
infection of the wound. The small fragments were 
embedded in a blood-clot which was partly organ- 
ized by an ingrowth of fibroblasts from the surround- 
ing soft parts. The entire region was hardened, 
decalcified, and sectioned en masse. Microscopical- 
ly, the structure surrounding and between the frag- 
ments consists of a network of fibrin which in most 
places has been invaded by capillaries and fibro- 
blasts and particularly about the periphery has been 
entirely replaced by a loose connective tissue. 

The bone-cells in some of the pieces stain well, 
only a few having disappeared, while in others most 
of them either have disappeared or stain poorly. 
As a rule, there is no callus surrounding the frag- 


ments but in a few places islands are present which” 


have undergone partial ossification along the 
fragment surfaces. The ends of the shaft show a 
moderate amount of periosteal and medullary callus 
formation which has undergone ossification along 
the bony surfaces, but none of this callus has grown 
out and surrounded any of the fragments. The 
bone-cells in the end of the cortex for one-third to 
one-half centimeter are either dead or stain poorly 
as a result of the disturbance to their circulation. 


No. 180. 


27 day experiment. 


Dissection shows union of the two ends by a 
callus which is slightly greater in diameter than the 


Young dog. 
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shaft and envelops all of the splinters except the 
ends of two which protrude from the surface. The 
callus is partly ossified and permits some mobility. 
The specimen was decalcified and sectioned en 
masse. Microscopical examination shows a thick 
layer of callus, surrounding some of the pieces 
which is ossified on the surface of the bone but 
fibrous in its outer portions (Fig. 9). The bone- 
cells of these fragments are mostly dead but some 
appear alive and stain well. Two of the smaller 
fragments are surrounded by fibrous callus without 
a trace of ossification on their surfaces. Their cells 
are practically all destroyed and there is considerable 
roughening from lacunar absorption. 

The ends of the shaft contain an abundance of 
periosteal and medullary callus which is ossified 
except in its more distal portions. The bone-cells 
of the very ends of the cortex have disappeared. 
The bony callus which surrounds each fragment and 
covers the ends of the shaft is, as a rule, separated 
from that of the other fragments by interstices of 
fibrous and cartilaginous callus, so that each frag- 
ment has been a center from which callus formation 
and ossification has proceeded. Hence we must 
conclude that some cells in most of the fragments 
lived and gave rise to callus formation despite the 
fact that the great bulk of the bone-cells have under- 
gone necrosis. 

55 day experiment. No. 182. 

Dissection shows a moderate-sized callus sur- 
rounding the fragments, uniting the ends of the 
shaft and permitting very slight mobility. The 
callus from the upper end of the shaft is more marked 
than that from the lower. Some of the pieces of 
bone are dead and very largely absorbed, but the 
majority of them have a covering of bony callus 
which in places connects with that of the other 
pieces and with the ends; while in others it is sep- 
arated from the rest by intervening fibrous or 
cartilaginous callus. Practically all of the cells in 
the pieces have disappeared, leaving the lacune 
vacant, and substitution of the dead cortex by ab- 
sorption and the deposition of new bone in its 
dilated canals is well under way. 

These experiments show that when small 
fragments of bone devoid of both periosteum 
and endosteum are used to bridge over a bony 
defect some of their cells remain alive, prolif- 
erate, and form callus which plays an im- 
portant part in the restoration of the con- 
tinuity of the shaft. However, the old 
cortex of the fragment which dies is gradually 
absorbed and substituted by new bone. 
These small fragments show more osteogenesis 
than the single pegs of cortex which were used 
in the first series of experiments which is due 
to the fact that a greater number of cells have 
access to nutrition and because of the macer- 
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ated and weakened condition of the transplant 
they are more stimulated to hypertrophic and 
reparative changes. 


IV. DEFECT FILLED IN BY PERIOSTEUM 
A. Subperiosteal resection. 


1. There were three specimens, 11, 54, and 116 
days old respectively, in which the ulna in full grown 
dogs was resected subperiosteally. In all three the 
defect was bridged over by fibrous tissue and in 
none was there any evidence of regeneration of 
the shaft from the remaining periosteum. The ends 
of the fragments were rounded off. Microscopical- 
ly the bridge consisted of fibrous tissue and the 
medullary cavity was closed over by new bone very 
much as one sees in an amputation stump. 

Subperiosteal resection of the shaft where 
there is only one bone in that portion of the 
extremity is followed by different results. 

In a 10-year old child where, because of a cartilag- 
inous exostosis, the upper four inches of the shaft 
of the humerus was resected by Dr. Culper and the 
greater portion of the periosteum left behind, 
in 3 months it regenerated the shaft in its entire 
length as shown by the X-ray photographs in Figs. 
13 and 14. 

In a young dog operated on in the same way a 
similar but less complete regeneration consisting of 
spongy bone had occurred when the animal was 
killed at the end of sixty days. There was consid- 
erable shortening because no extension could be kept 
up on the extremity. 

In a similar experiment of the same age in an old 
dog where the periosteum was very thin there was 
only a small spicule of new bone formed in the defect 
at the upper end. This difference with age is 
explained by the fact that the periosteum in the 
young is much thicker and possesses a marked inner 
or cambium layer with marked regenerative powers 
which is almost entirely absent in the old. The 
difference between the results in the ulnar and hu- 
meral resections is due largely to the difference in 
function. The humerus has the entire support of 
the arm, while the radius is the chief support and 
weight bearer of the forearm, so that in case of 
subperiosteal resections of ulna and humerus there 
is nothing like the functional demand made upon 
the former as upon the latter. 

2. Subperiosteal resection with reimplan- 
tation of excised cylinder of the shaft. 

8 day experiment. No. 183. 

Ina young dog with the epiphyseal lines persisting 
the lower half of the shaft of the radius was resected 
subperiosteally through a slit in one side and reim- 
planted, a small amount of the metaphysis on one 
side remaining with the epiphysis. Periosteum 
stitched about the reimplanted piece. Dog died 
eight days later. Dissection showed upper end 
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protruding through the slit in the periosteum with 
considerable over-riding of fragments. Lower end 
in good position. Except at the upper end, the 
reimplanted shaft is surrounded by periosteum very 
much as if it had not been operated upon. There 
is no mobility at the lower end. Specimen was 
decalcified and sectioned en masse. Examination 
of a longitudinal section shows marked fibrous callus 
formation from the periosteum about the reim- 
planted shaft but separated from it in most places 
by a layer of organizing blood-clot. No evidence of 
ossification in the callus formed from the periosteum. 
The approximation of the epiphysis with the me- 
taphysis is perfect and there is union by an almost 
completely ossified callus. No evidence of new bone 
formation from the surface of the transplant. The 
medullary cavity of the metaphysis is full of fibrous 
and spongy bony callus. Separation of the lower 
end was in the juxta-epiphyseal region and the 
epiphyseal line has been unchanged by the process. 
About one-half of the cells of the compacta of the 
reimplanted portion have disappeared, and the nuclei 
of many of those remaining stain poorly. 

In this specimen where the shaft was re- 
implanted and function thereby thrown upon 
the ulna, the periosteum has formed a fibrous 
callus surrounding the lower half of the reim- 
planted bone. 

21 day experiment. No. 184R. 
dog; epiphyseal lines open. 

Lower half of the shaft of the radius excised 
subperiosteally and reimplanted after boiling. The 
ends of the bone at the lower fracture are in good 
position. There is considerable lateral displacement 
at the upper one with the end of the reimplanted 
segment protruding through the periosteal sheath 
with mild infection and destruction of a part of the 
periosteum. ‘There is thickening of the periosteal 
cuff surrounding the lower two-thirds of the reim- 
planted bone. Longitudinal section shows that 
the lower fracture passed through the metaphysis 
about half a centimeter above the epiphyseal line. 
The fracture is united by a fibrous callus which is 
partly ossified from the epiphyseal end.  Ossifica- 
tion of the callus formed from the periosteum and 
surrounding the lower two-thirds of the reimplanted 
shaft has begun at the lower end and extends up 
ward in the shape of a cuff for a distance of two 
centimeters. It is separated from the surface of the 
shaft by a layer of fibrous callus above, but below 
comes in direct contact with the boiled bone. The 
cells of the dead cortex are nearly all absorbed. 
The medullary cavity is filled with dead cells and 
extravasated blood except at the ends where fibrous 
tissue has grown in. 

In this specimen the periosteum surround- 
ing a piece of dead bone which partly sup- 
ported the extremity was stimulated to the 
formation of a partly ossified callus about it 


Young 
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and bridging over the defect except above 
where periosteum had been destroyed. 
33 day experiment. No. 184 L. 


One inch of the shaft of the radius resected sub- 
periosteally and reimplanted with periosteum im- 
perfectly sutured over it. The surface of the cortex 
was not scraped so that any periosteal rests that 
were not removed were reimplanted. Dissection 
shows a spindle-shaped callus at the seat of both 
fractures and thickening along the course of the 
reimplanted portion. Longitudinal section of the 
entire area shows the periosteal callus on one side 
to be ossified on the ends of the fragments over the 
seats of fracture and extending over either end of 
the transplant for a distance of one-third its length 
leaving the middle third fibrous. These projections 
of bony callus are separated from the surface of the 
transplant by fibrous callus and except for a small 
island toward the upper end there is no ossification 
along the surface of the transplant. The other side 
along which the periosteum was split presents an 
entirely different picture. The transplant is slight- 
ly displaced toward that side. On the ends of the 
fragments and along the entire length of the trans- 
plant there is a layer of bony callus, but at the seat 
of either fracture the intermediary callus on this 
side and between the two ends of the bones is 
fibrocartilaginous. The cells of the compacta of the 
transplant have practically all disappeared and the 
haversian canals are partly revascularized. There 
is some absorption of dead cortex about the surface 
but no substitution of dead bone by new has oc- 
curred. The medullary canal away from the ends is 
filled with a necrotic marrow which is partly sub- 
stituted by fibrous tissue. The ends contain a 
small amount of bony callus. On one side of the 
transplant the layer of callus was undoubtedly 
formed from the periosteum left behind because its 
bony portion is separated from the cortex by a 
fibrous layer. On the other side the new bone is in 
contact with the surface of the cortex and is sep- 
arated from that of the ends of the fragments by a 
fibrous intermediary callus at either end, so that it 
seems to have originated from the transplant. 


From this set of experiments it may be con- 
cluded that when bone is resected subperios- 
teally and reimplanted into the defect, even - 
after boiling, its presence lends some support 
to the limb and acts as a stimulus to the 
periosteal sheath to proliferate and form a 


cylinder of callus about it. Ossification of 
this callus proceeds from the ossified callus of 
the ends of the fragments and gradually ex- 
tends inward from either end toward the 
middle; for ossification of a fibrous callus, 
i.e., the transformation of fibrous into bony 
cells, always begins on the surface of the living 
bone, and never as separate islands in remote 
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portions. Just why this is, is not known, but 
it is probable that the bone-cells exert some 
chemical or physicochemic influence upon 
their neighboring fibrous cells that causes 
them to take on the properties of ossification. 
That the property of ossification may at 
times originate in the fibrous cells, themselves, 
away from bone, is shown by the fact that 
periosteum free in the soft parts will occa- 
sionally give rise to new bone formation, and 
by ossification in muscles, etc., following 
trauma. This will be discussed more fully in 
connection with transplantations into the 
soft parts. 

B. Reimplantation of the periosteum re- 
moved from an excised segment. 

In four experiments, 10, 41, 70, and 139 days old 
respectively, the periosteum was removed from the 
excised segment, rolled up and reimplanted into 
the defect. Dissection in each case showed the 
ends of the fragments covered over by fibrous tissue 
and usually a fibrous band bridging over the defect 
without any new bone formation on the part of the 
reimplanted periosteum. In the older sepcimens 
the ends of the fragments were rounded off and the 
medullary canal bridged over by new bone as in an 
amputation stump. 

Bone weakened by injury or disease re- 
ceives a stimulus to proliferate from the 
demand made upon it by the other parts of 
the extremity for support. The periosteum 
is the important regenerative tissue and de- 
rives its impulse to proliferate from the bone 
to which it is either attached or intimately 
related as in Group 2 of Experiment IV—B. 
When periosteum is completely detached and 
remote from its bone, as in this case, there is 
no stimulus for proliferation thrown upon it 
and consequently, as a rule, no new bone for- 
mation. 


V. BOILED BONE TRANSPLANTED INTO A 
BONY DEFECT 
Specimens of bone averaging one inch in 
length were excised from the ulna, boiled for 
five minutes, and reimplanted into the defect. 
There were five experiments ranging in age 
from 10 to 200 days. 
10 day experiment. No. 170R. 
Transplant surrounded by, and medullary cavity 
and intermediary spaces filled in with, an organizing 
lood-clot. No apparent thickening of the perios- 
teum of the ends of the fragments. Microscopically, 
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there is a small amount of fibrous callus with begin- 
ning ossification in the ends of the canals of the 
fragments. Cells of the compacta of the transplant 
are mostly all well preserved (by the heat fixation) 
but many of them about the surface have been 
absorbed. 

20 day experiment. No. 
plant three-fourths inch long. 

The dog, sick with distemper, was killed at the 
end of twenty days. There were no adhesions of 
the muscles about the transplant. It was en- 
capsulated by a thin layer of fibrous tissue. There 
was no callus formation at the seats of the fractures, 
neither about the ends of the transplant nor at the 
ends of the fragments. Intermediary spaces are 
filled in by fibrous tissue; free mobility at seat of 
each fracture. Microscopical examination of the 
ends of the transplant shows that there is only a 
very small amount of fibrous periosteal callus, and 
a partly ossified callus filling the end of the medul- 
lary canal. The cells of the compacta of the trans- 
plant were nearly all absorbed. There is a small 
amount of roughening from lacunar absorption 
along the periosteal surface and ends. The medul- 
lary spaces are partly filled by fibrous tissue. 


70 day experiment. No. 125. 


Transplant one inch long in good position. 
Muscles adherent about it. The transplant is 
surrounded by a thin fibrous capsule. At the seats 
of the fractures there is only a very small amount 
of callus formation from the ends of the fragments. 
Loose fibrous union at either end. The segment 
itself is slightly decreased in size from lacunar ab- 
sorption along the surface. Fibrous tissue fills the 
marrow spaces. A very small amount of bony callus 
bridges over the ends of the medullary canals of the 
fragments. 


126. Trans- 


75 day experiment. No. 123. 

Shows practically the same condition as the 7o0- 
day experiment with the small amount of reaction 
on the part of the fragment ends. 

No. 127: 

three-fourths inch long, in good 
position. Muscles adherent about it. Transplant 
surrounded by a layer of fibrous tissue. Fibrous 
union and free mobility at either end. A very 
small amount of bony and medullary callus has 
formed from the ends of the fragments. No 
ossification of either fibrous intermediary callus 
except for a small amount proceeding from the small 
endosteal and periosteal calluses of the fragment 
ends. The cells of the compacta of the transplant 
have all been absorbed leaving the lacune vacant. 
There is diminution in size of the transplant with 
some roughening of its cortical surface from lacunar 
absorption. Its medullary canal is filled by fibrous 
tissue except for a few places where a thin layer of 
new bone has formed along the surface of its wall. 
This is a small amount of heteroplastic bone formed 


200 day experiment. 
Transplant 
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from the surrounding fibrous tissue similar to that 


about the older specimens of boiled bone in the soft 
parts. 


It is to be noted that there is very little 
reaction on the part of the ends of the living 
fragments which is in marked contrast to that 
which occurs when a live transplant is used. 
The dead bone does not stimulate osteogenesis 
to the same degree as a live transplant, con- 
sequently bony union between fragments and 
transplant had not occurred, much less had 
there been any substitution by an ingrowth of 
new bone from the ends. In the oldest speci- 
men some heteroplastic bone has formed on 
the ends of the transplant from the surround- 
ing fibrous tissue in response to the demand 
for union with the ends of the shaft. 


VI. THE HEALING OF A FRACTURE THROUGH 
THE MIDDLE OF A TRANSPLANT 

In five experiments a long transplant was 
fractured in the middle and the ends well 
approximated and slightly impacted before 
reimplantation. In three specimens the peri- 
osteum was removed and in two others it was 
left on. 

1. Fracture through the transplant with 
periosteum intact. 

25 day experiment, No. 175. 

Transplant two inches long. There was mild 
infection of the wound with a discharging sinus. 
Dissection shows infection at the seat of the upper 
fracture with death of the periosteum over one 
centimeter of the end of the transplant leaving the 
surface bare and the end of the bone a sequestrum. 
There is non-union between it and the upper frag- 
ment whose end is covered by a moderate-sized, 
partly ossified callus. At the lower fracture there 
is firm union by a small bony callus. At the seat 
of fracture in the transplant there is considerable 
angulation and bony union by a large periosteal 
callus which is thickest on the side of the angle. 
This callus diminishes away from the fracture and 
entirely disappears on the lower portion before the 
lower fracture is reached. On the upper portion it 
extends up to the necrotic end which borders on a 
cavity to which the fistula leads. Longitudinal 
section shows evidence of slight infection along the 
entire transplant. The layer of new bone formed 
from the periosteum surrounding the transplant is 
very thick and spongy resembling in extent and 
structure the involucrum seen in osteomyelitis. 
The space between the ends of the fracture through 
the middle is filled by infectious granulation tissue 
and leucocytes, and there is only a small amount of 
callus formed in the ends of the medullary canal at 
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this point. The medullary cavity away from the 
ends is filled partly by dead marrow and partly by 
an exudate with only a small amount of fibrous tissue 
in the lower piece. Union at the lower fracture is 
by a very small callus which is bony except in its 
intermediary portion on one side where it is still 
fibrous. The entire cortex of the transplant is 
dead and its cells have all been absorbed. There 
has been considerable absorption of bone along the 
surface and dilatation of haversian canals by in- 
growing blood-vessels from the spongy bony perios- 
teal involucrum. Substitution of the dead bone 
along these dilated canals is well under way. 


The influence of infection upon this speci- 
menis marked. It has led to non-union at one 
end by causing death of the tissues, sequestra- 
tion of two-thirds centimeter of the end of 
the transplant, and the formation of an in- 
volucrum by that portion of its periosteum 
which survived. It has also produced marked 
absorption of the dead cortex. The fracture 
in the transplant healed by a much larger 
bony periosteal callus than that about either 
end, showing conclusively that the origin of 
this callus is from the transplanted periosteum 
and that osteoconductivity played no part in 
its formation. The entire cortex of the 
transplant is dead but it has behaved different- 
ly in different portions. At one end, where 
infection was severe, it has undergone seques- 
tration, while in the rest of its extent absorp- 
tion and substitution by new bone has begun. 
Hence, sequestration and necrosis of bone are 
not synonymous since dead bone may be 
invaded and substituted by new bone instead 


of being separated and cast off. 

35 day experiment. No. 172 L. 

Dog died of distemper, very markedly emaciated, 
so that healing powers were considerably dimin- 
ished. Dissection shows a large spindle-shaped 
callus at the seat of the upper fracture, much greater 
from the end of the fragment than from the trans- 
plant, a small callus at the lower end, considerable 
thickening along the entire course of the transplant, 
and a small spindle-shaped callus at the seat of 
fracture through the middle. All three fractures 
are slightly movable. There is ossification of the 
inner three-fourths of the large periosteal callus at 
the seat of the upper fracture and of all of the 
medullary callus filling the ends of both the trans- 
plant and fragment. The intermediary space is 
bridged over by a band of fibrous tissue in its periph- 
eral portion connecting the two periosteal calluses, 
but the space between the ends of the cortex is 
occupied by a cavity filled with serohemorrhagic 
exudate. At the lower fracture there is likewise 
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ossification of the medullary callus, of the greater 
portion of the periosteal callus, and of the inter- 
mediary callus except for an incomplete narrow 
disc in its middle portion. The callus along the 
course of the transplant is ossified in its inner portion 
and fibrous in its outer. At the seat of the fracture 
in the transplant there is a slight spindle-shaped 
periosteal callus with ossification on the ends of the 
fragments but with a fibrous intermediary callus. 
There is no medullary callus at the seat of the 
fracture and the medullary canal of the entire trans- 
plant is filled with dead marrow except toward the 
ends which are filled with loose fibrous tissue. The 
lacunz of the cortex are nearly all empty from death 
and absorption of the bone-cells. Capillaries are 
growing into the large spaces and haversian canals. 
No substitution by new bone is to be seen. 


45 day experiment. No. 161 R.  Trans- 
plant two inches long. 


Dissection shows slight lateral displacement at 
both the upper and lower fractures, more marked at 
the upper. There is a medium-sized callus with 
free mobility at either end. At the fracture in the 
transplant there is very slight angulation, a very 
small callus, and firm bony union. Aside from the 
thickening at the seats of fracture there is no en- 
largement along the course of the transplant. 
Longitudinal section shows ossification of the perios- 
teal and medullary portions of the spindle-shaped 
calluses at the two ends of the transplant, but both 
intermediary portions are fibrocartilaginous and 
permit free mobility. The callus uniting the 
fracture in the middle of the transplant consists 
entirely of irregular bony trabecule, and is small in 
amount both in its periosteal and endosteal por- 
tions. The periosteum of the entire transplant is 
alive, and has formed a thin layer of bone along its 
surface. The medullary cavity is filled by pale 
fibrous tissue except at the ends where there is a 
small amount of bony callus. The cells of the com- 
pacta of the transplant are dead and have nearly all 
been absorbed. Revascularization of the haversian 
canals has taken place and in a few places substitu- 
tion of the old cortex by new bone has occurred. 
(Fig. 6.) 

2. Fracture through a transplant minus 
periosteum. 

10 day experiment. No. 174. Transplant 
one and one-half inches long. 


Dissection shows good approximation about the 
fracture and a layer of organizing blood-clot along 
one side of the transplant. There is moderate en- 
largement of the ends of the fragments from perios- 
teal callus formation but none at the ends of the 
transplant nor at the seat of fracture through its 
middle portion. There is fibrous union with free 
mobility of all three fractures. Microscopically, 
the transplant along one side is covered by an or- 
ganizing blood-clot without any trace of callus 
formation even at the seat of fracture. Along al- 
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most the entire length of the other side where it 
came in contact with muscle there is a thin layer of 
spongy bony callus. This has formed from cells 
which have survived along the surface. Whether 
they were from the deeper portion of the periosteum 
which was not removed or from the surface of the 
cortex cannot be stated. The intermediary space 
of the fracture through the transplant is filled in by 
fibrous tissue and blood-clot. There is no callus 
formation in the ends of the medullary canal at this 
seat but a small amount at the seats of the other two 
fractures. About one-half of the bone-cells of the 
cortex are normal in appearance while the other 
half are either shrunken and stain poorly or have 
entirely disappeared. There is blood extravasation 
throughout the entire medullary cavity. 

In this specimen there is the usual forma- 
tion of callus from the ends of the transplant 
and a small amount along one side where there 
was no blood-clot to interfere with the 
nutrition of its superficial cells. However, 
this thin layer of callus is not comparable in 
amount to that which forms in a transplant 
with its periosteum intact. Union of the 
fracture in the transplant has just begun by 
the ingrowth of a small amount of fibrous 
tissue. Approximation of fragments was so 
perfect and extravasation of blood into the 
medullary canals so extensive that no callus 
was formed from the endosteum at the seat of 
fracture owing to the shutting out of nutrition. 

87 day experiment. 173 L. Transplant 
one and three-fourths inches long. 

Dissection shows good approximation and slight 
mobility at the seat of all three fractures. Small 
spindle-shaped calluses at the ends of the transplant 
but none at the seat of fracture in its middle portion. 
Longitudinal section through the entire specimen 
shows fibrous union of the upper and lower frac- 
tures. There is a small amount of ossified periosteal 
and medullary callus on the ends of the fragments 
but none on the ends of the transplant, and the in- 
termediary calluses are fibrous except for some 
ossification proceeding from the ends of the frag- 
ments. There is no peripheral or medullary callus 
at the fracture in the transplant and union is by an 
intermediary callus which resembles the dense con- 
nective tissue surrounding the transplant. A small 
amount of ossification of this intermediary callus 
has begun along the fractured surfaces toward the 
medullary side. The bone-cells of the compacta 
have all been absorbed and the medullary cavity is 
filled with fibrous tissue. There has been no sub- 
stitution of the dead cortex by new bone (Fig. 7). 

These two sets of experiments show the 
very great réle played by the periosteum in 
the healing of a fracture and the importance 
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of perfect coaptation and immobilization 
for early bony union. Where periosteum was 
left on, there was callus formation at the seat 
of fracture in the transplant which underwent 
ossification before that which united the 
fractures at the ends. In one case there was 
bony union in 45 days while the two fractures 
at the ends were freely movable. On the 
other hand, where periosteum was removed, 
union was by a fibrous intermediary callus 
which showed only a small amount of os- 
sification at the end of 87 days. Good ap- 
proximation and some fixation were pro- 
duced by impacting the irregular surfaces of 
the fracture in the transplant and these 
factors undoubtedly account for the more 
rapid union of the fracture through the trans- 
plant in the first series than of those at its ends 
where approximation and fixation were less 
perfect. This very conclusively shows the 
role of periosteum in the healing of a fracture 
and entirely rules out osteoconductivity as an 
explanation for the source of the callus unit- 
ing the fractures in the transplant, since in all 
of the experiments of the first series ossifica- 
tion of its callus was either complete or almost 
so, while the intermediary calluses at the ends 
of the transplant were still fibrous. The 
endosteum often forms little or no medullary 
callus at the fracture in the transplant be- 
cause the bony ends are so closely approxi- 
mated and impacted that the narrow inter- 
mediary space does not permit the entrance 
of sufficient serum to sustain the life of the 
endosteal cells. 

VIL. 


INFECTION IN TRANSPLANTATION 


The influence of infection upon bone trans 
plantation demands special consideration. It 
occurred in anumberof experimentsin varying 
degrees of severity and with different types 


of transplants. A severe infection with ex 
tensive suppuration usually results in death 
and sloughing out of the entire transplant, 
as in II, 2—Experiment No. 122. This hap- 
pened a number of times but very few of these 
experiments were reported. 

The severe infection may be limited to one 
end and result in death with sequestration of 
only that portion of the transplant. In the 
presence of a mild infection the transplant 
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may take but its subsequent behavior differs 
from that of one in a sterile field. When the 
transplant contains periosteum and medul- 
lary contents these structures may survive 
and have a reéstablishment of circulation 
despite the mild infection. The changes in 
the transplant resemble very closely those of 
an osteomyelitis. The surviving periosteum 
forms a layer of new bone about the cortex 
which both in its excessive amount and in its 
coarse spongy character resembles the in- 
volucrum surrounding the involved shaft in 
osteomyelitis. These points are well il- 
lustrated by Experiment 175 in V, 1. Ab- 
sorptive changes in the dead cortex are very 
much accelerated. The surface is eroded, 
haversian canals are dilated, and since dep- 
osition of new bone does not keep pace with 
bone absorption the cortex is rendered some- 
what porous in structure. 

When periosteum is removed from the 
transplant, infection is much more apt to lead 
to failure because the cells of the bone itself 
have a much poorer chance than the perios- 
teum to get sufficient nutrition and conse- 
quently are all killed by the infection with the 


result that there is no proliferation and re- 


generation from the transplant. The mild 
infection rapidly disappears, the transplant is 
retained, and substitution has to occur by an 
ingrowth of new bone from the ends of the 
fragments. Experiment No. 178 U, in il, 1, 
illustrates such a result before substitution 
has begun. If the infection is at all severe 
the ends of the shaft into the defect of which 
the transplant is placed are affected. Exces- 
sive callus formation and sequestration of a 
portion of the cortex may result as in the case 
of an infected compound fracture. 

Slight infection of bone plus periosteum and 
marrow transplanted into the soft parts may 
stimulate osteogenesis from the surviving 
portions and hasten absorption of the necrotic 
cortex as seen in Experiment 175, IV. 


BONE TRANSPLANTED INTO SOFT PARTS 

When bone is transplanted into the soft 
parts conditions of nutrition, because of the 
close approximation everywhere of soft parts, 
are always as favorable as when it is trans- 
planted into bony defecta. However, condi- 
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tions with reference to function are entirely 
different and these cause the transplant to be- 
have in an entirely different manner. In both 
instances there is functional adaptation of the 
transplant to its surroundings. In the case 
of bone transplanted into a bony defect func- 
tional irritation results in activity hypertrophy 
with subsequent union with the surrounding 
bone and transformation of the transplant. 
But bone transplanted into the soft parts 
has no function to perform. Functional 
irritation would consequently be reduced to a 
minimum, and hypertrophic changes, al- 
though they may be present at first, are slight. 
Atrophy of disuse sets in and leads to a 
gradual diminution in size of the transplant. 
This in case of larger pieces of compact bone 
may progress very slowly so that the trans- 
plant may persist indefinitely as an en- 
capsulated mass. 

The transplant in this set of experiments 
was varied in composition as follows: bone 
plus periosteum, bone minus _ periosteum, 
boiled bone, and periosteum alone. A seg- 
ment of ulna varying in length from one-half 
to one inch was excised and that portion 
desired for transplantation was buried in the 
adductor muscles of the upper third of the 
thigh. 

1. Bone plus periosteum and medullary 
contents. 

There were five experiments in this series 
ranging in age from g to 84 days where the 
entire excised portion was transplanted. 

g day experiment. No. 135 R. Trans- 
plant three-fourths inch long. 

Dissect on shows few gross changes. There is a 
small amount of fibrous tissue in the ends of the 
medullary canal and hemorrhage in the rest of its 
extent; periosteum unchanged except for a small 
amount of spongy bony callus formation at one end. 
Most of the cells of the compacta have disappeared 
and others stain poorly, while a few are normal in 
appearance. 

11 day experiment. 
one-third inch long. 

Soft parts have become loosely adherent to the 
transplant, very little reaction about it. Ends of 
the canal filled with fibrous tissue. Periosteum on 
one side of one end stripped up for half a centimeter. 
This surface is covered over by granulation tissue. 
Periosteum slightly thickened throughout most of 
its extent and there is a thin layer of new bone 


No. 133. Segment 
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formed from the cambium layer in a few places. No 
ossification in the medullary callus of the ends. The 
marrow of the middle portion of the transplant is 
normal in appearance but contains some extrav- 
asated blood throughout. The cells of the cortex 
are, mostly, well preserved and some stain well but 
the majority stain poorly. Some of them have been 
absorbed. 


33 day experiment. 
plant one inch long. 


No. 170 L. Trans- 


The soft parts are thickened and adherent about 
it. The ends of the transplant are rounded off and 
covered by fibrous tissue. There is a layer of spongy 
new bone formed from the periosteum along most of 
its extent and a small amount bridging over the 
ends of the medullary cavity. There is also some 
new bone formation from the endosteum and about 
bony trabecule in the medullary cavity. The cells 
of the compacta are practically all absorbed leaving 
the lacune vacant. There has been considerable 
lacunar absorption of the dead cortex about the 
ends and some along the haversian canals which 
are partly revascularized and dilated. There is 
a large amount of fibrous tissue in the medullary 
canal and some new marrow accompanying the newly 
formed bone. 


Because of the marked reaction, the thick 
surrounding capsule, the absorption and 
rather large amount of excessively spongy new 
bone formed, I think there was a mild in- 
fection setting up a slight inflammatory re- 
action in the surviving portion of the trans- 
plant. 

67 day experiment. No. 
plant three-fourths inch long. 


134. Trans- 


Muscle loosely adherent about it. The ends of 
the transplant are rounded off and the medullary 
canals are closed over. The transplant is practical- 
ly unchanged in size and is surrounded by a thin, 
densely adherent fibrous covering. Microscopical 
examination of a longitudinal section shows bridges 
over the ends of the medullary cavity to consist of a 
thin, incomplete layer of bony trabecule covered by 
a fibrous tissue and the periosteal surface of the 
transplant covered in most places by a layer of 
fibrous tissue with roughening and lacunar absorp- 
tion along the surface. In other places there are 
trabecule of new bone but they are few while the 
absorption has decreased the transplant in size to a 
slight extent. The cells of the compacta are all 
dead and absorbed and the haversian canals are 
empty except the large ones which are filled by in- 
growing fibrous tissue and_ blood-vessels. The 
medullary cavity is filled largely by fibrous tissue 
and contains a small amount of living marrow. 


The striking features in this specimen are 
death of bone-cells and beginning absorption 
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of the cortex. New bone formation is ex- 
tremely small in amount, being present at 
the ends where the endosteum has tried to 
bridge over the medullary canal as occurs in 
an amputation stump. 

84 day experiment. No. 135 L. 
plant three-fourths inch long. 


Trans- 


It is surrounded by a thin fibrous covering; the 
edges of the ends are rounded off and the ends of the 
medullary cavity are bridged over. Segment seems 
to be decreased in size par-icularly toward one end. 
Longitudinal section shows the bridges over the ends 
of the medullary canal to consist of a small amount 
of new bone about the walls of the canal covered 
over by an outer fibrous layer. The periosteal sur- 
face and ends of the cortex are covered by a thin 
fibrous layer which in most places has produced 
considerable absorption of the cortex but in two or 
three places there is a very thin layer consisting of 
one or two lamelle of new bone between this fibrous 
layer and the cortex. The old cortex is dead and 
all of its cells are absorbed. There are numerous 
dilated haversian canals scattered throughout the 
cortex with a single circumferential layer of new 
bone formed in some of them. 

In this series of experiments, periosteum 
has remained quite generally inactive, the 
bone-cells have died, and absorption of the 
dead cortex is taking place. Endosteum has 
formed only a small amount of new bone at 
the ends in an endeavor to close the ends of 
the canal. This seems to have been about 
the only stimulus for any new bone formation 
aside from the presence of an infection in 
Experiment No. 170 L. 

2. Bone minus periosteum transplanted 
into soft parts. 

52 day experiment. No. 169. 

Very similar in every way to 54 day experiment. 


54 day experiment. No. Trans- 


plant one inch long. 


130. 


It is surrounded by a layer of fibrous tissue, and 
the ends are somewhat rounded off and bridged over. 
There is no new bone formation along its periosteal 
surface but a small amount of absorption has taken 
place along almost the entire extent of the cortex. 
The cells of the compact bone are all dead and 
have been absorbed. ‘The bridges over the ends con- 
sist of a small amount of new bone in their inner 
portions and a fibrous tissue in their outer. The 
medullary cavity away from the ends is filled partly 
with dead marrow and fibrous tissue and partly 
with newly formed bone-marrow. There is a thin 
layer of new bone consisting of only one or two 
lamella along the endosteum at the ends of the 
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medullary canal. Some of the haversian canals of 
the cortex are dilated and in a few places circum- 
ferential lamelle of new bone have been formed. 

94 day experiment. No. 155. Trans- 
plant one inch long, consisting of one-half 
of a segment of the shaft split longitudinally. 

It is somewhat diminished in size and pointed at 
one end. It is surrounded by a fibrous capsule with 
muscle firmly adherent and shows considerable ab- 
sorption about the ends and in places along its 
periosteal and endosteal surfaces. The cells of the 
old cortex are dead but the shrunken nuclei of 
many of them fill the lacunar spaces. There is no 
new bone formation along the surface of the trans- 
plant except for a small amount toward the ends 
on the endosteal side and in some of the large super- 
ficial porous spaces and canals where layers of bone 
consisting of from one to three lamellz may be seen. 

Death of bone-cells and absorption of the 
cortex are the predominating features in the 
specimen. 

151 day experiment. 
plant one-half inch long. 

Dissection shows it loosely adherent to the mus- 
cles and slightly decreased in size. The cells of 
the bony cortex are all dead and absorbed. The 
ends and edges of the transplant are rounded off and 
it is surrounded by a thin fibrous capsule. There 
is slight evidence of lacunar absorption in places 
along the periosteal surface and ends while in other 
places there is a thin layer of one or two lamelle of 
new bone. There is some new bone along the end- 
osteum toward the ends but no bony bridge over 
one end and only a suggestion of one at the other. 
The medullary cavity is filled throughout with 
fibrous tissue. The larger haversian canals are 
filled with connective tissue and in a few places one 
or two concentric lamellae of new bone have formed 
in them. This specimen is encapsulated and ab- 
sorption has been very slow. Only a trace of bone 
proliferation is to be seen about the surfaces. 

237 day experiment. No. 137 L. 

Transplant one-half inch long has diminished in 
size almost one-half and is surrounded by a fibrous 
layer with muscles firmly attached. The edges of 
the ends are rounded off and the medullary cavity 
is bridged over by a very thin incomplete layer of 
bony trabecule. There is a thin layer consisting of 
one or two lamellz of new bone along most of the 
extent of both the periosteal and endosteal surfaces, 
and of the cut surfaces of the ends of the cortex. 
Evidences of lacunar absorption are not marked. 
The cells of the compact cortex are dead and have 
all been absorbed. There is revascularization of 
the haversian canals and in some of them one or two 
circumferential lamelle of new bone have been 
formed. The medullary cavity is filled largely by 
normal regenerated bone-marrow and in the rest of 
its extent by fibrous tissue. 


No. 137 R. Trans- 
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In this specimen there has been slight new 
bone formation bridging over the ends of the 
medullary canal and along the cortical and 
medullary surfaces, and to a slight extent 
within the haversian canals. There has also 
been some regeneration of bone-marrow in 
the medullary canal. However, the retro- 
gressive and absorptive changes are the 
striking ones, since the specimen had de- 
creased in size about one-half. It is possible 
that some of the new bone about the surface 
is heteroplastic in origin, having formed from 
the connective-tissue capsule as in the case 
of the older specimens of boiled bone. 

3. Boiled bone transplanted into 
parts. 

10 day experiment. No. 170 L. 

Transplant two-thirds inch long surrounded by 
granulation tissue. Cells of cortex all dead, and 
mostly absorbed. No new bone formation any- 
where. Fibrous tissue growing into the medullary 
canal and larger pores of the somewhat spongy cor- 
tex. There is some slight absorption about the 
surface of the transplant. 

4. Periosteum free into soft parts. 

In six experiments ranging in age from 13 to 199 
days the periosteum removed from excised segments 
of the ulna one inch long was transplanted into the 
adductor muscles of the thigh. 

In the 13-day experiment the periosteum was 
alive and had proliferated, forming a small mass of 
tissue resembling fibrous callus, but in none of the 
sections examined was there any new bone. 

In three specimens, 38, 118, and 164 days old, 
there was a nodule of bone at the seat of implanta- 
tion varying in size from a pinhead to a grain of 
wheat. In two specimens, 42 and 199 days old, no 
bone was present and the only remains of the im- 
planted periosteum was a small mass of scar tissue. 

The fact that periosteum is removed from 
its bone and in a location where there is no 
demand for bone formation accounts for the 
entire absence of or inconsiderate amount of 
new bone formation in these experiments. 
This failure to form bone, at least in any 
amount, when in an abnormal location, is no 
proof of its inability to do so when in its nor- 
mal place and when there is a demand for 
new bone formation. 

52 day experiment. 
one-half inch long. 

It is loosely adherent to the muscle and sur- 
rounded by a very thin layer of fibrous tissue. 
There is no appreciable decrease in size. Micro- 


soft 


No. 169. Transplant 
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scopic examination of a longitudinal section shows 
the cells of the compacta are all dead but many of 
them have been fixed by the heat and are still 
present taking a weak nuclear stain. There is no 
new bone formation anywhere to be seen. Every- 
where about the surface and ends there is lacunar 
absorption of the dead cortex. The marrow cavity 
is filled throughout with fibrous tissue. 

250 day experiment. No. 138 B. 

Transplant one-half inch long and is decreased 
in size almost one-half. It is surrounded by a layer 
of fibrous tissue and in places there is roughening 
and absorption of the dead cortex. In other places 
along the cortex and in the canals there are layers 
of new bone consisting of one or two superimposed 
lamella. This is heteroplastic bone which after 
months forms from the surrounding connective 
tissue about pieces of dead bone, as observed by 
Barth and others. 

From these experiments we may conclude 
that boiled bone transplanted into the soft 
parts gradually undergoes absorption. 

5. Strip of periosteum one and one-half 
inches long cut from the inner surface of the 
femur and embedded in the adductor muscles 
above, but left attached to the bone at its 
lower end. 

84 day experiment. No. 156. 

Dissection shows a small fibrous cord at the seat 
of the embedded periosteal flap extending from the 
inner condyle of the femur obliquely outward and 
upward into the adductor muscles. There is no 
evidence of bone formation in the course of this 
periosteal flap and microscopical examination shows 
it to consist entirely of fibrous tissue. 

94 day experiment. No. 155 B. 

Dissection shows that the upper part of the perios- 
teal flap has formed a large bean-sized and shaped 
nodule of new bone within the substance of the 
adductor muscles, but the lower part has been con- 
verted into a fibrous band about 1 centimeter long 
uniting the bony nodule to the internal condyle of 
the femur. The surface of the femur from which 
the periosteum was removed is covered over by re- 
formed periosteum and shows no bony thickening 
anywhere (Fig. 15). 

Pochhammer in a series of similar experi- 
ments obtained extensive new bone formation 
when a periosteal flap plus blood-clot or 
fibrin was embedded in the muscle, but little 
or none when periosteum alone was used. As 
shown by Marchand in his studies upon 
wound healing, blood-clot or fibrin located in 
any of the tissues of the body stimulates cell 
proliferation on the part of the connective 
tissues until the clot or fibrin has been sub- 
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stituted. When periosteum is in the field, 
as in these experiments, it proliferates, forms 
callus, and later ossifies. The formation of a 
hematoma in Experiment 155 B, and not in 
Experiment 156, may have been the cause of 
the difference in results in the two cases. 
These experiments show that while the 
same tissues survive when bone is trans- 
planted into the soft parts as when trans- 
planted into a bony defect the subsequent 
course of the surviving and necrotic portions 
is different. In a bony defect the surviving 
portions hypertrophy, help unite the trans- 
plant in position, and replace the necrotic 
parts by new bone. In the soft parts they 
proliferate very little and form only a small 
amount of new bone. The dead cortex does 
not undergo substitution by new bone but the 
entire transplant atrophies from disuse and 
is very slowly absorbed. In behaving this 
way bone simply obeys the same laws as the 
other tissues of the body. The law of func- 
tional adaptation founded by Wilhelm Roux 
may be briefly stated as follows: There is a 
distinct relation existing between the form, 
size, and structure of a tissue or organ and the 
function it has to perform, and a change in 
any one of these factors results in correspond- 
ing changes in the others. This law holds 
for transplanied tissues as well as for those 
under normal conditions. When a transplant 
is placed in a defect where it is needed and can 
functionate, the surviving cells hypertrophy. 
substitute the necrolic portion, and take part in 
uniting it in its new Location. This was shown 
particularly well by Lewis and Davis in the 
case of tendon transplanted into a tendinous 
defect. Tissues transplanted into useless lo- 
cations, although the great bulk of their cells may 
survive, hypertrophy but little or not at all and 
slowly diminish in size. ‘Thus tendon trans- 
planted into the subcutaneous fat contracts 
into a ball and gradually disappears. The 
same rule holds for fascia, fat, and even for the 
ductless glands with relation to their internal 
secretions as Halsted showed that parathyroid 
transplants would not long survive and func- 
tionate unless the amount of parathyroid 
tissue in the animal was first decreased to a 
point where there was partial parathyropriva. 
Violation of this law results from the in- 
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fluence of outside factors. Thus the occa- 
sional production of considerable bone by 
periosteum transplanted into the soft parts 
may be due to the presence of a blood-clot 
as in the thigh muscles, to the irritation of a 
mild infection as in Experiment No. 170 L, 
or to functional irritation in an abnormal lo- 
cation as may possibly be the case in Mc- 
Williams’ experiments where rib periosteum 
formed new bone when transplanted into the 
abdominal wall, the respiratory abdominal 
movements simulating conditions existing in 
the thoracic wall which result in the regen- 
eration of ribs where subperiosteal resection 
has been performed. 

My experiments in transplantation into 
the soft parts are entirely in disaccord with 
those of Axhausen. He claims that the 
living portions hypertrophied and that the 
compacta which dies is substituted by new 
bone. None of his experiments were suffi- 
ciently old for him to judge of these changes 
and to see that the transplant gradually de- 
creased in size. He entirely disregarded 
Roux’s law of functional adaptation and con- 
cluded that the transplant behaved about the 
same whether in the soft parts or in a bony 
defect. These experiments as well as those 
of Brown and Brown disprove these claims. 


SUMMARY 

1. Osteogenesis in bone repair occurs from 
the inner layer of the periosteum, from the 
endosteum, and to a much less extent from 
bone-cells and fibrous contents of the haver- 
sian canals. 

2. Viability of the cells of the transplant is 
dependent largely upon their ability to get 
nutrition and to some extent upon their degree 
of cell specialization. Periosteum and end- 
osteum, being superficially located, receive 
sufficient nutrition to survive and proliferate. 
The great mass of bone-cells being away from 
the surface and surrounded by an extensive 
and difficultly permeable calcified matrix 
gradually undergo necrosis and absorption. 
A few about the periphery and lining the 
larger vascular spaces as well as the fibrous 
elements of the latter may survive and pro- 
liferate. Blood-forming cells of the marrow, 
despite their favorable nutrition and probably 


because of their greater degree of specializa- 
tion, gradually undergo necrosis. 

3. The subsequent changes which the 
transplant undergoes depend upon its com- 
position and location. According to Roux’s 
law of functional adaptation a transplant 
placed in a useful location, i. e., a bony de- 
fect, undergoes progressive changes while one 
in a useless location, i. e., soft parts, under- 
goes chiefly retrogressive changes and is 
gradually removed. 

A. Transplantation into a bony defect. 

Functional demand stimulates the surviv- 
ing cells of the transplant to osteogenesis. 
Callus forms at either end which helps unite 
the transplant and the fragments. Creeping 
substitution of the dead cortex gradually 
occurs by the ingrowth of capillaries with 
dilatation of the haversian and Volkmann’s 
canals, absorption of the old bone, and dep- 
osition of new bone in its place. 

(a) When periosteum and endosteum are 
left on, the transplant contains the greatest 
number of living osteogenetic cells. Con- 
sequently union between the ends and sub- 
stitution of the dead cortex occurs most con- 
stantly and rapidly. 

(b) When periosteum is removed, osteo- 
genesis producing union and _ substitution 
occurs from the endosteum and few surviving 
cells of the cortex, but the process is much 
slower than when periosteum is left on. 

(c) When both periosteum and endosteum 
are removed, new bone formation from the few 
surviving cells is slight, and union with the 
ends of the fragments and substitution of the 
dead bone are very much delayed. 

If such a transplant is cut into small pieces 
before implantation more cells survive be- 
cause of the increase in surface and facilities 
for nutrition and greater functional irritation. 
Consequently, considerable callus forms from 
each piece and, fusing with that from the 
others and from the ends of the shaft, rapidly 
restores the continuity of the shaft. Os- 
sification of the callus proceeds from the sur- 
face of each piece and substitution of their 
dead portions gradually occurs. 

Axhausen’s claim that osteogenesis does 
not occur from transplanted bone devoid of 
periosteum and endosteum is_ incorrect. 
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Equally erroneous is the old view of Barth, 
now advocated by Murphy, that there is no 
osteogenesis from any portion of a transplant, 
substitution occurring entirely by an in- 
growth of new bone from the fragment ends. 

(d) Periosteum transplanted into ulnar 
defects and in subperiosteal ulnar resections 
failed to regenerate bone and restore the 
shaft, but in subperiosteal resections with 
reimplantation of cortex either alive or after 
boiling it formed a layer of callus about the 
reimplanted portion. Subperiosteal resec- 
tion of the humeral shaft in the young was 
followed by regeneration of the shaft. 

Periosteum gets its chief impulse for osteo- 
genesis not from an injury to itself but from 
the injured bone to which it is attached or 
intimately related and which demands repair. 

B. Transplantation into soft parts. 

The same portions survive as in a bony 
defect but since there is no functional demand 
for bone in this location little proliferation or 
substitution occurs and the transplant is 
gradually absorbed. 

Transplanted periosteum produces little 
or no new bone for the same reason. 

4. The presence of an infection, if severe, 
results in death and failure of the transplant; 
if mild, there is set up in it an osteomyelitis 
with excessive proliferation and absorptive 
changes, but the transplant takes and is 
functionally a success. 
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5. A fracture through a transplant unites 
by callus formed from the surviving cells of 
the transplant in the vicinity of the fracture. 
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INTRAVENOUS ETHER ANA‘STHESIA 
By H. KUMMELL, M. D., HamBurc-Eprrenporr, GERMANY 


r AHE intravenous administration of a 
narcotic for the purpose of general 
anesthesa has stood the test, not 
only of numerous experiments on 

animals, but also of practical use in the 

treatment of human beings. 

The same thing has been true of intravenous 
anesthesia as of everything else new in 
medical science: if it is unusual and apparent- 
ly not altogether without danger, it is taken 
up with reserve and submitted to a test 
only with great caution, at least in Germany. 
Only a relatively small number of surgeons 
have thoroughly tested this new method of 
general anesthesia proposed by Witzel and 
others and first successfully used by Burch- 
hardt on human beings, and only a few 
have used it to any extent on their patients. 
Even in the textbook of surgery recently 
published by Bier, Braun and myself, it is 
not mentioned. 

This has led me to discuss this subject 
briefly before this scientific association of 
American surgeons and to recommend that the 
eminent surgeons of America test a method 
of anesthesia which gives excellent results 
in many cases if used for the proper indica- 
tions and if the technique, which is not dif- 
ficult, is properly carried out. In certain cases, 
in my opinion, it is not excelled by any other 
method of general anesthesia. Though our 
method of inhalation anesthesia is so well 
developed that its dangers are slight, yet we 
often find patients requiring surgical treat- 
ment whose general condition is so bad that 
the inhalation method markedly increases the 
danger of operation, and local anesthesia 
often does not produce complete insensibility 
to pain. For such cases intravenous anes- 
thesia is a great gain. 

The reason intravenous anesthesia has 
so slowly gained a place in surgery may be 
that there has been a fear of thrombus 
formation at the place of injection and of 
embolus proceeding from it. Kiittner ob- 
served 23 cases of pulmonary embolism 
which showed threatening symptoms and 





cyanosis, and Clairmont and Denk of von 
Eiselsberg’s clinic, performed experiments 
on animals that seemed to show that intra- 
venous anesthesia was uncertain and danger- 
ous. These facts based on theoretical grounds 
have increased the fear of the dangers of 
this method of anesthesia. 

The experiments we have thus far made 
with the intravenous administration of ether 
have been so unusually favorable that it 
seems to me desirable that it should come into 
general use. 

We have used this method of anesthesia 
in 250 cases, which is, of course, a small 
number in comparison with the several thou- 
sand cases of general anesthesia we have 
in the course of each year. We entered 
upon our experiments with great caution, 
carefully selecting the cases and accurately 
testing the effect of the mixture of salt 
solution and ether on the general condition 
of the patient, on the kidneys, heart, lungs, 
and vessel-walls. We were convinced in 
advance that this method would never 
supplant the scopolamine morphine, ether, or 
chloroform anesthesia, which we carry out 
with Roth-Drager’s apparatus, but in the 
course of our experience we have become 
convinced that for certain groups of cases 
the intravenous anesthesia, by the method 
of its application and the stimulating effect 
on the organism, has superior results, and 
cannot be replaced by any other method. 

Intravenous anesthesia is specially fitted 
for operations on the face and head, particu- 
larly in the mouth and pharynx, on the upper 
jaw and at the base of the skull (tumors of 
the hypophysis, etc.), as well as for opera- 
tions on the neck. In such cases the anesthe- 
tist isin the way of the operator. Anesthesia 
is often incomplete because of the necessity 
of frequently putting on and taking off the 
mask, which is in the way of the operator. 
This is completely avoided by intravenous 
anesthesia. There are great advantages 
in a uniform, quiet anesthesia, which is 
conducted far away from the field of opera- 
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tion, which enables us unhindered to carry 
out operations on the face, mouth, etc., and 
which at the same time increases the strength 
of the patient by the constant influx of 
salt solution in operations where there is a 
great loss of blood. 

The method has turned out surprisingly 
well in 30 cases of tumors of the upper jaw, 
of the larynx, thyroid, base of the brain and 
skull, carcinoma of the tongue and tonsil, 
plastic operations on the nose, etc., because 
it has given a uniform, quiet anesthesia that 
did not interfere with the field of operation 
or disturb the operator and his assistants. 

Moreover, the intravenous ether anesthesia 
had advantages in the case of patients who 
were weak, or who, from the long duration 
of their disease, were much exhausted and 
emaciated. These are the patients to whom 
we often have to give an infusion of salt 
solution at the beginning of the anesthesia 
in order to increase their strength to a cer- 
tain degree and make the giving of general 
anesthesia possible. When, with patients 
in such poor condition, we are placed in a 
position to add to the salt solution entering 
iheir veins another stimulant that not 
only increases the effect of the solution, but 
at the same time anesthetizes the patient 
without danger, this seems to me to be the 
ideal method of anesthesia for this group of 
patients. 

Such patients often leave the operating 
room after the operation with a much stronger 
pulse, often with remarkably good heart 
action and with a fresher appearance than 
when they came in. They awake from the 
anesthesia quickly and without any un- 
pleasantness. We have never observed nau- 
sea and vomiting after intravenous ether 
anesthesia, a factor that is not to be disre- 
garded in weak patients after laparotomies. 
The comparatively better condition after 
this form of anesthesia is readily explained 
by the smaller amount of ether. 

Intravenous anesthesia was used in 100 
cases of carcinoma of the cesophagus and 
cardia, in malignant tumors of the stomach, 
benign stenosis of the pylorus, in 12 tumors of 
the rectum and cecum, in total extirpation 
of the carcinomatous uterus, in extra-uterine 
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pregnancy, in malignant tumors of the 
abdominal cavity, in kidney diseases, diffuse 
peritonitis, in patients with fungus of the 
knee-joint, and with tumors of the thigh. 

As to the important question of the dangers 
of intravenous anesthesia, I believe that 
they have been greatly exaggerated from 
theoretical considerations. It was assumed 
in advance not only that there would always 
be a thrombus formed at the site of injection, 
but that embolism would frequently result. 
These assumptions are, of course, justified, 
and caused us to proceed with the greatest 
caution in the carrying out of this new method 
of anesthesia. The formation of thrombus 
would be the weakest point in intravenous 
anesthesia if it were to be feared that emboli 
would often result from it. 

What are the actual facts in the experi- 
ments thus far with regard to the formation 
of thrombi and embolism following it? Like 
Burchhardt we have never had a case of 
pulmonary embolism among our patients 
anesthetized intravenously, but in the early 
days of its use we frequently had local 
thromboses at the site of injection into the 
vein. In three cases there were complaints 
soon after the operation of pain in the region 
of the injection, which stopped after a few 
days. The thickened vein could be felt 
for a distance of 3 to 5 cm. We have never 
observed such symptoms in other cases. 

As we were dealing almost exclusively with 
patients in very poor condition, many of them 
suffering from advanced carcinoma, and suc- 
cumbing to the disease sooner or later 
after operation, in many of the cases 
we had the opportunity of controlling the 
clinical observation by autopsy. The lungs, 
heart, and kidneys showed no special patho- 
logical findings, at least none that could be 
attributed to the anesthesia, but in the first 
cases that came to autopsy there was throm- 
bosis at the site of injection. In those cases 
where the ether-salt solution had been allowed 
to enter the veins as needed, and the stream 
was interrupted from time to time, there were 
tolerably thick, hard thrombi, partially stop- 
ping the collateral vessels. In the other 
cases the thrombi were shorter and softer, 
and not more pronounced than those that 
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exceptionally follow the injection of simple 
salt solution, and frequently follow the in- 
jection of digalin or adrenalin. 

In a later group of intravenous anzsthesias 
in which we used the improved method of a 
continuous stream of physiological salt solu- 
tion, and were able to observe the effect 
several times at autopsy, we did not see a 
single case of thrombosis. 

It seems to me that the danger of the con- 
sequences of thrombus formation at the site 
of injection is exaggerated. Since we have 
given greater attention to the effect of simple 
salt solutions, especially those containing 
adrenalin and digalin, we find that there is 
almost always the formation of a thrombus 
in the use of solutions with a medicinal con- 
tent, but that pulmonary embolism never 
results from them. The appearance of an 
embolus originating from a thrombus of the 
upper extremity seems to be an unusual 
occurrence. Certainly our present method 
of giving medicines intravenously would be 
decidedly limited if there were any danger 
worth mentioning of embolism resulting from 
it. If there was any reason to fear the 
formation of these slight thrombi in the veins 
of the upper arm, we would have to give up 
the frequent administration of salt solution 
containing digalin or adrenalin, which is, 
of course, regarded as being without danger. 
Certainly no one contemplates giving up 
this valuable addition to our methods of 
treatment, and no one has had any cause 
to do so by any injury experienced. 

The same thing is true of the dangers 
arising from the addition of ether to the 
solution; they are slight, even though the 
ether, like digalin or adrenalin, is a substance 
that injures the vessel-walls to a certain ex- 
tent. 
perfection of the technique in reducing 
thrombus formation to a minimum or even 
overcoming it completely, this new method 
of anesthesia will be freed still more from 
the dangers attending it. 

As to the value of the intravenous admin- 
istration of salt solution as such, to the organ- 
ism, we are ardent supporters of this thera- 
peutic measure which has saved so many hu- 
man lives. We use it in large quantities and 
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a great number of times, so that when neces- 
sary we have given as much as 18 liters with- 
in 24 hours without danger to the patient; 
on the contrary, it has saved life. We inter- 
rupt the giving of salt solution, and also the 
intravenous anesthesia, when cedema of the 
lower eyelids and the sclerotic conjunctiva 
occurs. The amount of solution to be in- 
jected is an important point in intravenous 
anesthesia, and naturally it varies with the 
strength of the individual. Ina weak, dried- 
out body that eagerly absorbs water we can 
give relatively large quantities of fluid, but 
we reach the limit much quicker in a strong 
patient with a well-filled vascular system. 

As to the indications for intravenous an- 
zsthesia, they are, as I have said, thin and 
weak individuals (carcinoma, ulcer of the 
stomach, etc.), those who have undergone 
hemorrhage (extra-uterine pregnancy, in- 
juries, etc.), as well as collapsed patients 
(peritonitis, etc.). Furthermore, it should be 
used in operations on the neck and head 
(throat, tongue, etc.), and I believe it will 
meet with greater success than any other 
known method of anesthesia. 

In very strong individuals the inhalation 
method should be given the preference, or 
when the above-mentioned indications, head 
and neck operations, make it seem desirable 
the salt solution containing the ether should 
be allowed to flow into the veins very slowly 
and with the greatest caution, and it should 
be combined with isopral. 

Intravenous anesthesia is contra-indicated 
in arteriosclerosis, in which there is generally 
a high blood-pressure, in severe myocarditis 
and in general plethora. 

We have never observed complications 
in the heart and lungs, except in one case 
where there was a pulmonary and laryngeal 
tuberculosis, which seemed to be made worse 
by the intravenous anesthesia. In amyloid 
disease of the kidney the albumin excretion 
was slightly increased the first few days after 
the operation; in the other cases the urine 
remained free from albumin, blood, and kid- 
ney constituents. 

In a greatnumber of the cases, immediately 
after the operation, blood was withdrawn 
from the vein of the arm of the opposite 
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side. Neither microscopically nor spectro- 
scopically could any changes be demonstrated 
in the red blood-cells, in their color or hamo- 
globin content. ‘This is due to the fact that 
the 5 per cent ether solution does not attain 
its full effect, as only 4 per cent of the 
ether mixes with the water and a part of it 
escapes from the open vessel containing the 
solution; if this is covered it collects over the 
the water. This can also be demonstrated 
by holding a lighted match over the vessel, 
when the ether will burn with a bluish flame. 
Not more than a three and one-half per cent 
ether solution flows into the vein. Moreover, 
the greater part of the ether given is excreted 
again directly through the lungs, as can be 
demonstrated by the odor of the expired air 
soon after the beginning of the anesthesia. 
Even on observing the patients for a long 
time during convalescence nothing was ever 
found which indicated an injurious effect 
of the intravenous anesthesia. 

This form of anesthesia is very pleasant 
for the patient. Headache, vomiting, or 
other disagreeable after-effects were never 
observed. In many cases the patients them- 
selves asked to be anesthetized ‘through 
the arm,” because they had heard from their 
neighbors in the ward the pleasant effects of 
this method. In seven cases intravenous 
anesthesia was given patients a second 
time at their own request when another 
operation had to be performed. 

Experience and practice is of great value 
in the technique of administering intravenous 
anesthesia, as it is in lumbar anesthesia. 
All of our patients from about the 20th to the 
63d year are given before the operation the 
usual dose (3 to 5 decimilligr.) scopolamine 
and 1 centigr. morphine, whether inhalation 
anesthesia or some other method is to be 
used. In twilight sleep the patient’s eyes are 
covered on the operating table and, with the 
usual antiseptic precautions, the median 
vein laid bare and the cannula inserted as in 
the giving of salt solution. In order to 
avoid the formation of thrombus we do not 
interrupt the stream of solution. Two glass 
vessels are placed on a standard, one contain- 
ing 4 per cent ether solution, the other physio- 
logical salt solution of 41 per cent strength. 


The tubes from both of these vessels are 
united in a Y-shaped glass tube, which has 
on its lower limb a piece of rubber tubing car- 
rying the cannula and a stop-cock that is 
easy to regulate. By means of the latter 
it is possible to give a uniform injection of 
small quantities of fluid. For instance, after 
a sufficient amount of the ether solution has 
been given to induce anesthesia, the ether 
solution is shut off by means of a clamp, while 
the physiological salt solution is allowed to 
flow slowly, until the return of the reflexes 
indicates that more ether is needed. Then 
the salt solution tube is closed and the ether 
tube opened. 

This arrangement makes it possible to 
give accurate dosage, because the amount of 
solution used can be read from the graduated 
glass vessels, and by means of the stop-cock 
the rapidity of the flow into the vein can be 
accurately regulated. The regulation is most 
suitably and easily accomplished by means 
of a suitable, bored glass stop-cock. 

The stage of tolerance, which permits the 
operation to be begun, generally sets in after 
ten minutes, in very weak patients often 
after four or five minutes, when 100 to 300 
grammes of fluid, corresponding to 4 to 
15 grammes ether, has been given. In some 
cases this takes place after one and one-half 
to two minutes. Aside from slight move- 
ments of resistance we seldom saw any 
stage of excitement. Only in one case, 
that of a 24-year-old man who had been 
anesthetized often, the severity of the 
stage of excitement made it impossible to 
continue the intravenous anesthesia. In 
three other cases of very excitable men or 
drinkers, a small amount of chloroform was 
given and then the intravenous anesthesia 
continued without interruption. 

At the beginning of our experiments, be- 
fore we began to give the continuous in- 
jection, we had slight cyanosis twice, and 
once asphyxia which demanded artificial 
respiration. Probably from lack of experi- 
ence too much ether was given in a unit of 
time. The cyanosis stopped immediately 
after the ether solution was cut off. I 
mention this especially in opposition to 
Dumont’s opinion that in intravenous an- 
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zesthesia the administration of the anesthetic 
should be stopped at once with the appearance 
of the slightest symptom of danger,—not less 
quickly, but perhaps even more quickly, 
than in inhalation anesthesia. 

Almost without exception the anesthesia 
proceeded very quietly; the breathing was 
uniformly good, the pulse stronger, because 
of the giving of the solution. We had no 
accidents, aside from the insignificant dis- 
turbances mentioned. 

The longest duration of an intravenous 
anesthesia was in a man in extremely poor 
condition with a carcinoma of the cardia; 
besides an extensive resection of the stomach 
it was necessary to remove the cardia and 
10 cm. of the oesophagus. Within 140 
minutes 1700 ccm. of the ether solution, or 
85 gm. of ether, were given. I believe that 
the favorable course of this extensive opera- 
tion and the recovery after resection of the 
carcinomatous cardia was due to the stimu- 
lating effect of the intravenous anesthesia. 
In another patient, from whom a tumor of 
the base of the brain was removed by tem- 
porary resection of the upper jaw, we used 
in 105 minutes only goo ccm. of the ether 
solution, or 45 gm. ether; in an operation for 
a ruptured aneurism of the abdominal aorta, 
which was sutured and required one and 
one-half hours, we used about 60 gms. ether. 
In one case 3700 gms. of fluid was given; 
the patient recovered. 

In order to hasten the beginning of an- 
westhesia, especially in drinkers and strong 
individuals, we have combined the ether for 
intravenous administration with other nar- 
cotics. Of the different ones used, veronal, 
hedonal, and isopral, we prefer the latter, 





first used and recommended by Burchhardt, . 


because it seems to have fewer injurious 
by-effects. Intravenous hedonal anesthesia, 
which has been chiefly used by Fedoroff 
and other Russian surgeons, seems to me to 
be not entirely without danger for the respi- 
ratory center, heart, and kidneys, and ex- 
periments by Beresnegowsky in Tomsk show 
that even in pure isopral anesthesia there 
were injurious effects on the heart, liver, and 
kidneys. 

I would not recommend an intravenous 





anesthesia of pure isopral, as this agent 
when used abundantly and for a long time 
causes a marked lowering of the blood-pressure 
and seems to have an injurious effect on 
the respiratory center; but the use of a one 
to one and one-half per cent isopral solution, 
to begin and hasten intravenous ether an- 
esthesia, has given good results and when 
carefully and correctly used has no dis- 
advantages. 

Since October, 1912, we have used this 
combined method exclusively and have tried 
it in 80 cases. A third glass cylinder is 
added according to Burchhardt’s directions, 
which is filled with sterilized isopral solu- 
tion. The isopral is used in a concentration 
of one to one and one-half per cent in 
Ringer’s solution. About 24 hours are neces- 
sary for the solution, as it can only be heated 
to 30 degrees. Slow administration of the 
isopral solution, not more than 100 gms. in 
five minutes, is important. If it is given 
too quickly or in too great quantities, as- 
phyxia or cyanosis may occur, which disap- 
pear as soon as the flow of the solution is 
stopped. In only one case of inoperable 
carcinoma of the stomach, with dissemination 
in the peritoneum in a patient in very poor 
condition, the respiration stopped while 
the pulse was strong and full; artificial 
respiration had to be performed for a short 
time. This was caused by giving the isopral 
solution too quickly. In most cases 80 gms. 
of isopral solution was sufficient to induce 
the stage of tolerance in three to five minutes. 
More than 150 gms. of the solution, contain- 
ing one and one-half to two and one- 
fourth gm. isopral is not to be recom- 
mended. After the beginning of anzsthesia, 
by simply turning the valve-cock the an- 
zsthesia is continued with ether. In weak 
patients the ether anesthesia alone is suffi- 
cient. 

We believe from our experience that in- 
travenous ether anesthesia is a form of an- 
zsthesia which, when given for the proper 
indications, is not excelled by any other form 
of anesthesia in a large group of cases. I 
might even say that for many cases it is the 
ideal anesthetic, for, besides the fact that 
such a small amount of the anesthetic is 
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necessary, it has an active, stimulating effect, 
which cannot be said of any other form of 
anesthesia known. 

The addition of a one to one and one-half 
per cent solution of isopral is an excellent 
supplement in the induction of intravenous 
ether anesthesia, because it brings about the 
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stage of tolerance more quickly, especially 
in drinkers and patients who are hard to 
anesthetize. Too quick an injection of the 
solution, or too great doses, may cause a fall 
in the blood-pressure, or cyanosis. We have 
never yet seen any ill effects from the in- 
travenous isopral-ether anzsthesia. 





THE RESULTS OF OPERATION (LARYNGOFISSURE) FOR INTRINSIC 
CANCER OF THE LARYNX’ 


By PROFESSOR FE. SCHMIEGELOW, Coprennacen, DENMARK 


HE surgical treatment of intralaryngeal 
cancer gives exceedingly good results, 
especially when compared with those 
obtained by surgical treatment of 

cancer in other internal organs. 

On examining the facts we find this to be 
due to the peculiar manner in which intrinsic 
cancer of the larynx originates, develops, and 
spreads, as was originally pointed out by my 
friend, Sir Felix Semon. It would be interest- 
ing historically to consider the development of 
the pathology, diagnosis, and treatment of 
intrinsic cancer of the larynx, but lack of 
time forbids me doing so. You must, how- 
ever, permit me to state here in London, 
speaking to an assembly of prominent Amer- 
ican and English surgeons, that, in my opin- 
ion, the whole of our present knowledge of the 
diagnosis and treatment of this disease is 
founded on the works of Semon and Butlin, 
who, towards the end of the last century, 
entirely revolutionized our views with regard 
to the malignancy of intralaryngeal cancer. 
Before their day the surgical treatment of this 
disease had always been regarded as almost 
hopeless, but Semon showed us that the chief 
reason for this was that the disease was always 
diagnosed too late and therefore too far ad- 
vanced to give any good operative result. 

Having further learned that intralaryngeal 
cancer in the great majority of cases appears 
as a primary cancer of the vocal cord, and 
therefore soon causes hoarseness, we have 
means of recognizing the disease at an early 
stage of its development, while still limited 


to the vocal cord, and so of a probable radical 
cure by removing the diseased vocal cord 
through a laryngofissure. 

To illustrate the frequency of primary can- 
cer of the vocal cord I wish to draw your at- 
tention to this table of sixty-six cases of intra- 
laryngeal cancer which have come under my 
observation: 


TABLE A. PRIMARY SEAT OF INTRALARYNGEAL 
CANCER 
No specified localization. .............0..s0. in 18 cases 
oo re eer osses.ift 36 Cases 
ee oscoc ett 2: CRSES 
Arytenoid region. .. ; eee oP 
OE sinieancal , in 1 case 


Ventricular band........0.0c00060 re | 


60 Cases 

In the first eighteen cases the primary seat 
of the disease could not be localized, as the 
tumor had extended too far into the larynx 
when first observed. 

The table clearly shows that cancer of the 
interior of the larynx, in by far the majority of 
cases, originates as a growth of one vocal cord, 
generally in the central part of it, and that it 
can therefore be radically removed. If, how- 
ever, the disease has extended to the anterior 
commissure the prognosis becomes more seri- 
ous, as under these circumstances the thyrot- 
omy cuts through the growth and may possi- 
bly be followed by a recurrence. 

Those cancers of the larynx which do not 
primarily attack the vocal cords have, on the 
contrary, a bad prognosis; first, because they 
very often are not discovered until they have 
spread so far that there is no possibility of a 


1 Read before the Clinical Congress of Surgeons of North America, London, July 27, ror4. 
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radical cure by means of a laryngofissure; 
secondly, because these extracordal cancers 
are generally of a more soft medullary charac- 
ter, growing quickly and with greater ten- 
dency to involvement of the neighboring 
lymphatic glands. 

The only exceptions to this are the pedun- 
culated adenocarcinomas which spring from 
the arytzno-epiglottic folds. Of these I have 
seen three cases which had a relatively good 
prognosis and could be treated endolaryngeal- 
ly with favorable results. 

Having made the diagnosis by means of 
laryngoscopic inspection, supported by mi- 
croscopic examination of a portion removed 
through the mouth, the growth should be 
removed as soon as possible by means of a 
laryngofissure. 

This operation should be performed as 
indicated by Butlin and Semon, who about 
1890 inaugurated this treatment and proved 
that this comparatively safe operation was 
sufficient, if performed soon enough. 

1 myself, following their instructions, chiefly 
operate in the folowing manner: 

The operation is always performed under 
general anesthesia. I begin with morphium- 
ether and make a low tracheotomy. Hahn’s 
tampon-cannula is introduced and the nar- 
cosis is continued with chloroform. The 
thyroid cartilage having been divided and the 
interior of the larynx opened, | fill the pharynx 
with sterilized gauze introduced from below 
through the split larynx, in order to prevent 
the saliva from descending and interfering 
with the scene of action. According to 
Semon, the larynx is packed with gauze 
soaked in a 10-per-cent solution of cocaine, to 
which I add a few drops of a1 Pr. mille solu- 
tion of adrenalin in order to anesthetize the 
mucous membrane of the larynx and make it 
bloodless. Then the neoplasm, together with 
the whole diseased vocal cord, is removed by 
means of knife and scissors. 

All the diseased area having been removed 
and the bleeding stopped, we formerly filled 
the larynx with a tampon of iodoform gauze; 
but since Butlin has taught us to give up tam- 
ponading and to close the thyrotomy wound at 
once, the results of operation have been much 
better. 
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The patients are now able to swallow on the 
day of operation and can leave their beds a 
few days later. This, of course, is of the great- 
est importance in preventing complications in 
the lungs, especially, in elderly people. My 
two eldest patients, respectively 71 and 74 
years old, were able to leave their beds on the 
second day, and they are both alive and well 
now, at the age of 80 and 76 years. 

Thyrotomy could only be performed in 
thirty-three of my cases treated up to 1912, as 
shown in the following table (Table B): 








TABLE B. RESULTS IN 7O CASES OF CANCER OF 
LARYNX 
EXTRINSIC AND INTRINSIC 

Noes Died or 

Cured Relapsed 
OMNI 55.5.4 Sida hee Siena 10 ° 9 
SO SRR eee errr ee 8 ° 8 
Endolaryngeal removal................ 5 I 4 
INE 56 55.20 560. sink acess ooo 33 18 15 
Subhyoid pharyngotomy .............. I ° I 
. Partial resection of the larynx.......... 4 ° 4 
TR. 5 oo. Saker ba 3h h ae Oe 9 I 8 
7o 20 40 














The result of these thirty-three thyrotomies 
was that twenty-eight patients survived the 
operation, while five died from pneumonia, due 
chiefly to post-operative haemorrhage. 

Of the twenty-eight patients operated upon, 
recurrence took place in ten cases, while 
eighteen are alive and well. These eighteen 
had the carcinoma entirely limited to the 
vocal cord and the diagnosis was made at an 
early period of the disease, with only two 
exceptions. The first of these was a man 
aged 44 years (see Table D, No. 11) who had 
a cancer of the posterior wall of the larynx, 
and whom I was able to follow for three years 
after the operation, when I lost sight of him. 
The second was a man, aged 28, suffering 
from an epithelioma of the left ventricular 
band, anterior commissure, and the anterior 
part of the right ventricular band. This pa- 
tient I operated on fourteen years ago, since 
which time he has been on an expedition to 
the North Pole and is still alive and well. 

The last four patients were operated in 1912 
and have therefore been under observation 
only about two years since the operation. 
But they were all cases of quite limited 




















epithelioma of the vocal cord and were oper- 
ated so early that there is not much chance of 
recurrence. 

Patient No. 7, a man aged 61, was operated 
in 1905 for a cancer of the vocal cord. During 
the following seven years his larynx remained 
perfectly healthy, but he now has a quickly 
growing cancer in the throat requiring trache- 
otomy. Ought this to be considered as a re- 
currence or as an accidental cancerous infec- 
tion of a larynx which has kept perfectly 
healthy for seven years after operation? Per- 
sonally, I am inclined to look upon it as an 
accidental reinfection. In all the other cases 
of recurrence this took place within a year 
after the thyrotomy. 

The functional result was exceedingly good 
in all cases. The voice was strong, generally 
sonorous, but in a few cases hoarse. The 
man aged 71 was operated on in 1905; I saw 
him last in 1913. He was then 79 years old 
and had a strong, healthy voice. 

A clergyman, aged 55, who was operated in 
1896, fulfilled his duties for eight years and 
preached every Sunday in two churches. 

The two men, aged respectively 66 and 67 
years, who were operated in 1912 are able to 
make speeches to large assemblies with a com- 
paratively clear voice. 

So as to get a broader basis of judgment as 
to the results of thyrotomy in cases of intrinsic 
cancer of the larynx, I have combined in the 
following table my own experiences and those 
of F. Semon, Chiari and St. Clair Thomson. 
The results are as follows: 
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TABLE C. RESULTS OF OPERATION BY 
LARYNGOFISSURE 
Cure Death 
Cases | OVEr | 1 to 3 Under | Recur- | from 
ases | three years | I year] rence | opera- 
years tion 
eer ee 24 15 4 I 3 I 
Chiari. . Piao oduarceay a II 4 It 3 
Schmiegelow......... 33 II 7 is 10 5 
St. Clair Thomson... . 10 7 2 I 
96 14 17 I 25 9 























1 Secondary operation for removal of larynx; alive five years liter. 
You will see from this table that of 96 operated 
patients 52 (63% per cent) were cured for 
more than one year after the operation. 


TABLE D 
Table of eighteen cases of intrinsic cancer 
of the larynx, thyrotomized without recur- 
rence. 

















Date of | Time of 
Age | Sex | opera- | observa- Annotations 
tion tion 
62 | M. 1892 18 yrs. | Died 1910 of cancer rectum. Larynx 
free. 
28 | M. 1900 14 yrs. | Alive, no recurrence 
50 | M. 1904 10 yrs. | Alive, no recurrence. 
69 | F. 1904 10 yrs. | Alive, no recurrence 
71 | M. 1905 9 yrs. | Alive. no recurrence 
55 | M. 1896 8 yrs. | Died of cancer of stomach; no recur 
rence in larynx. 
61 M 1905 8 yrs. | Alive.t 
560 | M. 1900 5 yrs. | Alive, no recurrence. 
17 | M. 1005 4 yrs. | Died of tuberculosis r909. Larynx free. 
63 | M. IgIO t yrs. | Alive, no recurrence. 
141M 1896 3 yrs. | Lost sight of. 
55 | F. IQIt 3 yrs. | Alive, no recurrence. 
38 | M. IQII 3 yrs. | Alive, no recurrence. 
66 | M. IQII 2% yrs.| No recurrence, died of some other dis- 
ease. 
58 | M. 1gI2 2 yrs. | Alive, no recurrence. 
67 | M. Igt2 2 yrs. | Alive, no recurrence. 
66 | M. IQ12 2 yrs. | Alive. no recurrence. 
74 | M. 1912 2 yrs. | Alive. no recurrence. 





ably new infection. 





! Seven years after the operation cancer recurred in the larynx, prob- 
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TYPHOID PERFORATION ! 
By GEORGE E, ARMSTRONG, M. D., Montreat, QUEBEC 


tario in Canada there were, during the 

five years 1908 to 1912 inclusive, 6,011 

deaths from typhoid fever, an average 
of 1,202 deaths per annum. 

In the province of Alberta during the 
five years 1909 to 1913, inclusive, there 
were 852 deaths from typhoid fever, an 
average of 170 per annum. 

In the United States of America during 
the four years 1909 to 1912, inclusive, there 
were 45,833 deaths from typhoid fever, an 
average of 11,458 deaths per annum. The 
average death rate was a little over 20 per 
100,000 of population. 

The responsibility for this enormous waste 
of human lives cannot be laid at the 
door of the medical profession. It is a 
reflection upon the humanitarianism and 
business acumen of the laity in these coun- 
tries. Those who succumb to typhoid are 
among the most promising in the country. 
The greatest susceptibility is from fifteen 
to twenty-five years of age. It has again and 
again been proved toademonstration that pure 
water and efficient drainage prevent typhoid. 
Typhoid can be arrested by an act of 
Parliament and by municipal legislation. 
Regarded as a purely economic question, 
the money spent in removing the cause of 
typhoid would earn larger dividends than if 
invested in the best bonds in the world. 
Why should not municipalities, thwns, and 
cities be made as responsible financially for 
the loss of time and loss of life from a pre- 
ventable disease like typhoid as are the trans- 
portation companies by land and water made 
responsible for preventable accidents. 

Typhoid is still with us, however, and it is 
still attended by a mortality from several 
complications, 75 per cent of which are sur- 
gical. It is to one of the most important 
of the latter that I would ask your attention. 
One cannot approach the subject of surgical 
complications of typhoid without an appre- 
ciation of the influence of W. W. Keen, who 
brought this subject so clearly and forcibly 


I: the two provinces of Quebec and On- 


before the profession in his book published 
in 1808. 

The incidence of perforation varies in 
different years and in different epidemics. 
In Germany, perforation is less common than 
in America. Recent figures embracing 
9,713 cases collected in England, Canada, and 
the United States show that more than 
one-third of the deaths from typhoid are 
due to perforation. At the Johns Hopkins 
Hospital there were 43 perforations in 1,500 
cases, or 1 in 35. In the Pennsylvania 
Hospital there were 50 perforations in 1,948 
cases, or 1 in 39. In the Royal Victoria 
Hospital, Montreal, there were 83 intestinal 
perforations in 2,917 cases, or I in 35, and 
two perforations of the gall-bladder. In 
the Montreal General Hospital there were 
110 perforations in 2,494 cases, or 1 in 22'%4 
cases. In the Royal Victoria and Montreal 
General hospitals it is sometimes quite im- 
possible to admit all the cases of typhoid 
that apply. Only the severer cases are 
taken in. Again, quite a number of cases 
are admitted after perforation has occurred. 

In 15,224 collected cases there were 544 
perforations, or about 1 in 31%. 

Statistics show perforation to be more 
common in men than in women. The reason 
is not obvious. Perforation in children is 
rarer than in adults. 

Pathogenesis. Chomel remarks that “the 
accident is sometimes the result of ulcera- 
tion, sometimes of a true eschar, and some- 
times it is produced by the distention of the 


‘intestine, causing the rupture of the tissue 


weakened by disease.”’ In a specimen in the 
McGill Museum there are to perforations in 
the ascending colon and sigmoid, probably 
from distention. I have usually found the 
perforation near the base of a generally well- 
defined ulcer. In size it varies from a very 
small pin-point hole to an opening the size 
of a lead pencil. Only rarely is it larger. It 
is always situated almost directly opposite 
the mesenteric attachment. 

While it is true that the perforation may 


1 Read before the Clinical Congress of Surgeons of North America, London, July 27, 1914. 
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occur at any point in the stomach, in the small 
or large intestine, or in the appendix vermi- 
formis, yet, fortunately for the patient and 
the surgeon, it is found somewhere in the 
terminal two feet of the ileum in an over- 
whelming majority of cases. 

Prognosis. That a typhoid perforation 
not closed by the surgeon is always a fatal 
complication is, as a rule, a true statement. 
The only exceptions are those in which a per- 
foration of the large bowel occurs between 
the layers of its mesenteric attachment. 
When this occurs an abscess develops, extra- 
peritoneally, which may subsequently be 
opened. In the single case in my series in 
which this occurred, the fistula gradually 
healed. It is probable that all cases in which 
a perforation of the small intestine occurs 
into the peritoneal cavity prove fatal, unless 
recognized and the opening closed. The 
duration of life after perforation in 134 cases 
collected by Fitz was as follows: 

Died on the first day.................37.3 per cent 

Died on the second day eels .5 per cent 

Died in the first week......... ....83.4 per cent 

Died in the second week... 


yw 
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9 cases 
Died in the third week. . . 4 cases 
Died in thirty days.............. soo  Saase 
Died in thirty-eight days............. I case 


Diagnosis. It is easy to establish the 
fact that a considerable percentage of the 
mortality in typhoid is due to perforation of 
the intestine, and also that a goodly number 
of these cases may be saved by early recogni- 
tion and closure of the lesion. The great 
difficulty is the diagnosis. To get the best 
results the accident must be recognized early 
and appropriate treatment instituted prompt- 
ly. Here is the great difficulty: the question 
of early diagnosis. Some of our standard 
textbooks are misleading in their remarks 
on the diagnosis of typhoid perforation. If 
it will not be considered too presumptuous 
for a Colonial to criticize writers in the great 
educational centers of Great Britain, I would 
like to say that when a recent edition of 
Choyce’s Surgery says that the symptoms 
suggesting perforation are the sudden onset 
of acute pain referred to the umbilicus, or 
to the right lower half of the abdomen, with 
muscular rigidity and tenderness on pressure, 
most marked in the right lower quadrant of 
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the abdomen; and that there is nausea and 
vomiting and other symptoms of acute in- 
fection; and when Howard in his Practice 
of Surgery, issued this year, says the symp- 
toms of typhoid perforation are sudden, acute 
abdominal pain, with collapse and fall in 
the temperature,—they fail to appreciate 
the difficulties that surround the question of 
the diagnosis of typhoid perforation. The 
occurrence of perforation is but seldom in- 
dicated by such well-marked, striking symp- 
toms. Furthermore, a fatal peritonitis may 
develop in typhoid without any perforation 
discoverable at autopsy, as reported in the 
Munich autopsies and in various medical 
journals. 

The first indication that a perforation has 
occurred is usually pain. It was present in 
75 per cent of this series of 83 cases and 
absent in 25 per cent. Seventy-five per cent 
of them had either sudden crampy pain or 
sudden persistent pain in the following re- 
gions (mentioned in order of frequency): 
generalized; right lower quadrant; umbilical 
zone; left lower quadrant; epigastrium; and 
left hyperchondrium. In 25 per cent of these 
cases the pain was generalized or in the right 
or left lower quadrants. Often the pain 
will not be severe enough to impress upon the 
nurse the need of sending for the doctor unless 
she has been specially trained in a typhoid 
ward. An important point in the training 
of a typhoid nurse is to teach her to send for 
the interne whenever a typhoid patient com- 
plains of abdominal pain. 

In 25 per cent of cases not having pain at 
onset, the following conditions were found: 

In 11 per cent toxemia obscured all signs. 

In 4 per cent the condition was obscured by severe con- 
current hemorrhage. 

4 per cent were not diagnosed. 

1 per cent had chills. 

2 per cent had rigidity. 

4 per cent had vomiting. 

In regard to time, 62 per cent occurred at 
night and 38 per cent in the daytime. Four 
per cent of the cases had definite profuse 
sweats immediately after the perforation. 

The symptom that I would place second, 
because of its constancy and significance, is 
change of expression. The change of appear- 
ance in a majority of the cases was quite evi- 
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dent. Sixty-five per cent showed a very 
definite alteration, 28 per cent a gradual 
change, and 7 per cent no change. This 
change in appearance was manifested in a 
picture of suffering from pain, a sudden pallor, 
a change from a feeling of comfort to that of 
distress, a restlessness, cardiac failure, vomit- 
ing, painful defecation, loss of rallying power 
after hemorrhage, a chill, profuse sweat, 
general malaise, an unaccountable change 
in general condition for the worse, or, some- 
times, a feeling among those in attendance 
that something had happened that they 
could not account for. 

Tenderness was present in some degree in 
88 per cent of the cases and absent in 12 per 
cent of the cases. 

In 50 per cent of the cases it was generalized. 

In 20 per cent of the cases it was limited to the lower 
abdomen. 

In 16 per cent of the cases it was limited to the right 
lower quadrant. 

In g per cent of the cases it was limited to the left 
lower quadrant. 

In 2 per cent of the cases it was limited to the right 
upper quadrant. 

In 1 per cent of the cases it was limited to the left 
upper quadrant. 

In 1 per cent of the cases it was limited to the upper 
abdomen. 

In 1 per cent of the cases it was limited to the umbilical 
zone. 


As for time of appearance ,— 


In 50 per cent of the cases it came with pain at the onset. 
In 20 per cent of the cases it came within the first hour. 
In 16 per cent of the cases it came within the second hour. 
In 5 per cent of the cases it came within the fourth hour. 
In 2 per cent of the cases it came within the eighth hour. 
In 2 per cent of the cases it came within the tenth hour. 
In 2 per cent of the cases it came within the twelfth hour. 
In 1 per cent of the cases it came within the twenty- 
fourth hour. 


In some cases tenderness is definite from 
pushing forward the anterior wall of the rec- 
tum with the examining finger. 


RIGIDITY IN TYPHOID PERFORATION 


85 per cent of the cases showed distinct rigidity. 
15 per cent of the cases did not. 


Of this 85 per cent showing rigidity,— 


44 per cent showed it from onset of trouble. 

22 per cent showed it within the first hour. 

8 per cent showed it within the second hour. 

4 per cent showed it within the third hour. 

6 per cent showed it within the fourth hour. 

6 per cent showed it within the sixth hour. 

8 per cent showed it within the twenty-fourth hour. 
2 per cent showed it within the seventy-second hour. 
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Location: 


39 per cent showed generalized rigidity. 

22 per cent showed rigidity of the right lower quadrant. 

22 per cent showed rigidity of lower half of abdomen. 

8 per cent showed rigidity of right upper abdomen. 

5 per cent showed rigidity of left upper abdomen. 

4 per cent showed rigidity of left lower abdomen. 

In a very few instances the term “resist- 
ance”? would more correctly designate the 
condition present. 

Little or no value can be attached to the 
absence of liver dullness. If the area of liver 
dullness has been noted from day to day and 
then suddenly disappears in association with 
abdominal pain, it is significant. It is value- 
less in a distended abdomen. It was obliter- 
ated in 45 per cent; not changed in 16 per 
cent; and not mentioned in 39 per cent. 

The fall in temperature so often spoken of 
rarely occurred. Occasionally there was a 
fall of one or two degrees in six or eight 
hours, but only in a few cases did any spec- 
tacular drop, such as from 103° to normal, 
take place. In one case the temperature 
rose from normal to 104° in two hours. 

The pulse changes were always clear. A 
rapid change from slow and good volume to 
rapid and small often occurred. In 95 per 
cent of the cases the pulse quickened. Of 
the change in blood-pressure I cannot speak. 

Those who have seen many typhoid perfora- 
tions will appreciate Fitz’s statement that 
perforation of the intestine in typhoid fever 
may take place without any suggestive symp- 
toms, and that suggestive — even so-called 
characteristic — symptoms may occur with- 
out any perforation having taken place. 

In the textbook perforations, diagnosis 
is easy; but if we are to save a large percentage 
of these unfortunate patients, we must detect 
the accident in its most insidious form. 

Again, it is not necessarily a reflection on 
diagnostic skill and sound judgment when the 
abdomen is opened after careful considera- 
tion of the symptoms present by two or three 
clinicians and no perforation is found. It 
would seem that this may happen occasionally 
if a conscientious attempt is made to recognize 
perforation as soon as it occurs. One case 





is on record in which the abdomen was opened 
twice in the same patient without finding any 
perforation. 


The same abdomen was later 
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opened a third time, the perforation found, 
and the patient’s life saved. We cannot 
always afford to wait in these cases until 
the diagnosis is absolutely definite and as- 
sured. 

What symptoms call for immediate abdom- 
inal incision; or rather, what are the mini- 
mum of signs that may demand surgical 
intervention? Pain, persistent; definite 
change for the worse in the expression of 
the patient; tenderness, either abdominal or 
rectal; rounding-up of the abdomen; and in- 
creased resistance to pressure. If these 
symptoms are present, even if the tempera- 
ture and pulse are not decidedly altered, 
nor vomiting present, the likelihood of a per- 
foration is very great. 

Local anesthesia has very materially al- 
tered our attitude toward early operations. It 
is no longer necessary to administer a general 
anesthetic. The abdomen can be quite 
well opened under local anesthesia without 
causing the patient any pain whatever. The 
closing of a typhoid perforation is one of the 
simplest operations in surgery: one that can 
quite well be performed by anyone capabie 
of carrying out a perfect surgical technique. 
A one-per-cent solution of novocaine with the 
addition of two drops of adrenalin to the 
dram is thoroughly satisfactory and may be 
used freely. Inject first the skin and sub- 
cutaneous tissue, and then, with a needle one 
inch long, penetrate the deeper muscular 
layers along the line of incision. Either a 
gridiron incision or one along the outer bor- 
der of the right rectus answers admirably. 
The perforation is nearly always found in the 
terminal twelve or twenty-four inches of the 
ileum. It is very easily found. A couple 
of through-and-through sutures usually suffice 
to close the opening, and then one or two rows 
of fine Lembert sutures complete the opera- 
tion on the intestine. One should always 
look for a second or possibly a third perfora- 
tion. These are seldom found, but not un- 
commonly some of the ulcers in the neighbor- 
ing portion of the ileum will present a very 
thin, necrotic-looking base. It is a good 
practice to infold such with a single row of 
Lembert sutures as a precaution against 


further perforation occurring after the ad- 
domen is closed. Resection of an ulcerated 
portion of intestine in typhoid is rarely indi- 
cated and should be reserved for the skilled 
operator and for unusually threatening con- 
ditions. 

When the abdomen is opened, perforation is 
generally made clear by the presence of fluid 
or lymph, or by the escape of a little gas. 
Should none of these evidences be observed, 
do not close the abdomen without examining 
at least the terminal two feet of the ileum. 
It may be that a small pin-head perforation 
is temporarily closed by a tag of omentum. 
I have found this condition present in three 
of my cases. Of course, such cases give a 
most favorable prognosis. 

The percentage of recoveries is gradually 
increasing. Von Layden, in 1884, suggested 
that the only rational way of treating perfora- 
tions of the stomach and intestines was sur- 
gical. In the same year Miculicz closed a 
typhoid perforation. The patient, a man 4o 
years of age, recovered. Fourteen years later, 
Keen collected 83 cases with a recovery per- 
centage of 19.36. In the Royal Victoria and 
Montreal General hospitals, 140 perforations 
have been closed and 38 have recovered, or 
27.14 per cent. These figures include the 
work of all the surgeons attached to the 
hospitals. The figures are not large, but | 
think they represent 38 lives saved. The 
other cases of perforation were not operated 
upon, chiefly for three reasons; viz., not 
diagnosed; desperate conditions that offered 
no chance of success; and refusal of patients, 
parents, or guardian to allow operation. 

It is sometimes very discouraging: my 
first six cases died, and then I was about 
ready to give it up. I succeeded in saving my 
seventh case, and from that time recoveries 
have occurred more and more frequently. 
From January, 1909, to June, 1914, I closed 
22 typhoid perforations, and 11 recovered, or 
50 per cent. An important point is to let 
the house staff feel that it is a reflection on 
their professional attainments to overlook a 
perforation. When once they really appre- 
ciate that fact, cases are sent to the opera- 
ting-room promptly. 
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THE SUTURE OF THE LEVATOR ANI MUSCLE IN PERINEOR- 
RHAPHY OPERATIONS’ 


By HENRY JELLETT, M.D., F. R. C. P. 1, Dusiin, IRELAND 


HE selection of a subject which is 
suitable for discussion before this 
Congress is a matter of some difficulty, 
since matters which are of the highest 
interest and importance to the gynecological 
surgeon are not so necessarily to the general 
surgeon. At the same time, it is more likely 
that a specialist will be of interest to his 
hearers if he deals with a subject which for 
the moment is of interest to himself, and so 
I have selected an essentially gynecological 
subject. 

There are other reasons why I have selected 
this particular gynecological subject. In 
the first place, although it is a generally ac- 
cepted fact that the support furnished by the 
levator ani muscle, either with or without its 
investing fascia, is essential to the pelvic 
organs, none of the older methods of perineor- 
rhaphy provides a means of such suture. In 
the second place, it is surprising how many of 
the present generation of gynecologists are 
content to continue to practice these opera- 
tions, because, and this is my third reason for 
my choice of subject, they consider, and in 
fact they are directly told that suture of the 
muscle, however essential it may be, is a 
difficult operation, and one not devoid of 
danger. I do not think that I need spend 
much time in defending my first reason. 
Lawson Tait’s, Martin’s, Hegar’s, and Kelly’s 
original operations all neglect to take the 
levator ani muscle into consideration. It is 
true that occasionally they may result in 
causing its suture, but this only occurs when 
the muscle is not far retracted, while when it 
is retracted, and when its suture is more 
imperative, they fail. As to my _ second 
reason, any gynecologist present can say 
whether or not it is right, as well as I, and he 
can say whether my third reason is not also 
right, and whether the omission to suture the 
muscle is not the result of the idea that such 
suture is difficult. 

Déderlein and Krénig, in the latest edition 
of their work on gynecological operations, 


and Martin of Bumm’s Clinic, in an article 
on the suture of the levator ani muscle and 
fascia, are largely responsible for perpetuating 
this idea. They, however, are apparently 
strong advocates of suture, and it seems a pity 
that their writings should rather tend to com- 
plicate the operation, and so to prevent its 
universal adoption. 

I have practiced systematic suture of the 
levator ani muscle for the past six or seven 
years, and I think I may say that I have 
sutured the muscle in every case in which I 
have performed perineorrhaphy during this 
period except where the muscle was absent or 
atrophied, but when I stated this fact at a 
discussion on the subject, I was told that I 
never sutured it. The reasons given for this 
statement were first, that Krénig showed how 
easy it was to mistake a more superficial 
muscle for the levator ani, and secondly, that 
Martin said that suture of the levator ani was 
a difficult operation involving an extensive 
dissection, whereas my operation was a 
simple and easy one. It is just because it is 
simple and easy that I take up the time of the 
Congress with this paper, in which I desire 
to show, first, that there are no anatomical 
difficulties in the way of muscle suture, and 
secondly that there are no practical difficul- 
ties. 

The structures which are involved in a 
perineorrhaphy operation from without in- 
wards are as follows: 

1. Skin. 

2. Superficial fascia. 

3. The constrictor vaginze muscles, and 
the superficial transversus perinei muscle. 

4. The deep transversus perinei muscle. 

5. The levator ani muscle. 

6. The vaginal mucous membrane. 

We may at once dismiss a number of these 
structures from consideration because their 
suture is a part of any perineorrhaphy opera- 
tion that has ever been devised. These are 
the skin and superficial fascia, the constrictor 
vagine and superficial transversus perinei 


1 Read before the Clinical Congress of Surgeons of North America, Londoa, July 27, ror4. 
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muscle, and the vaginal mucous membrane. 
‘Fhis leaves two muscles for consideration— 
the deep transversus perinei and the levator 
ani. The deep transversus perinei muscle 
rises from the neighborhood of the point of 
union of the pubic and ischial rami. As it 
approaches the middle line, it spreads out. 
A few of the most anterior fibers pass to the 
anterior wall of the vagina, and lie behind 
the urethra. The remaining fibers pass be- 
hind the vagina to the central point of the 
perineum. (Thompson.) A great deal of 
importance has been attached to this muscle 
by Krénig, who apparently considers it is a 
structure which is sufficiently long both to 
afford support in cases of slight prolapse, and 
to be mistaken for the levator ani. In his 
description of perineorrhaphy as performed 
in cases of slight prolapse, he says that after 
the initial incision the fibers of the deep 
transversus can be seen, and their course dem- 
onstrated by traction. . . . They lie over the 
puborectal part of the levator muscle, and 
have often been mistaken for the latter. “To 
prevent this mistake the diverging muscle- 
bundles should be followed to the sides, the 
deep transversus perinei passes towards the 
ischial tuberosity, while the levator eni 
passes forwards towards the pubis.” He 
then goes on to show how this muscle can be 
sutured. 

There are two points raised here with which 
I must deal at once. The first is that Kronig 
regards the deep transversus perinei as a 
structure which can not only be easily found, 
but which is strong enough to be used to 
reconstitute the pelvic floor. I should hesi- 
tate to say in the face of so eminent an au- 
thority that I did not regard either of these 
statements as correct, even though anatomists 
and one’s own personal experience showed 
that they are incorrect, was it not that on an 
earlier page of the same article, Krénig him- 
self places the importance of the deep trans- 
versus perinei before us in a true light. 
Here Kroénig definitely states that the deep 
transversus perinei in nullipare is as thick 
as the little finger, while in multipare, and 
those with poorly developed muscles, it 
is reduced to mere strands of muscle 
fiber. It is thus apparently possible that 
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when one comes to perform a_ perineor- 
rhaphy in the muscular nullipara, one may 
be able to find and to derive help from the 
deep transversus perinei! 

My second point concerns the anatomy of 
the muscle, and that there is something radical 
ly wrong in Krénig’s statements about it is 
shown by comparing his anatomical drawing 
of the deep transversus perinei with his 
drawing of the same muscle as exposed during 
operation. It is difficult to conceive how a 
muscle possessing the anatomical relations 
shown in the first drawing could come into 
the position in which it is seen in the others. 
As [have said I hesitate to express an opinion 
contrary to such an eminent authority, but 
still I cannot help pointing out that I think 
the fibers which in his drawings of perineor- 
rhaphy purport to represent the deep trans- 
versus perinei, really represent some bundles 
which have been accidentally isolated from 
the lower and inner edge of the levator ani. 
Martin puts the case very well when he says, 
“It is anatomically scarcely possible that 
Kroénig could see the deep transversus passing 
out from the pubis to the walls of the vagina, 
when operating on cases with marked atrophy 
of the muscles.” I think then that Krénig’s 
drawings lay a quite unnecessary and a most 
perplexing stress on the possibility of confus- 
ing the two muscles. 

The part of the levator ani with which 
the gynecologist is concerned rises from the 
back of the body of the pubis, along an 
oblique line which extends from the lowest 
limit of the symphysis upwards and outwards 
to the obturator canal, and also from the 
obturator fascia for a limited extent. (Thomp- 
son.) It passes backwards at the side of 
the vagina, about half an inch above the 
hymen, and then similarly at the side of the 
rectum to be inserted mainly into a median 
raphé between the anus and the tip of the 
coccyx. It has also apparently a slight in- 
sertion into the vaginal and rectal walls at 
the point at which it crosses the latter, and 
it sends a few fibers to meet those of its 
fellow of the opposite side in the central point 
of the perineum. It has not, however, any 
considerable insertion into the perineum,and 
the union of its fibers which are produced in 
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this region by operation is purely artificial, 
and in no way a reproduction of the condition 
of affairs existing before laceration occurred. 
If the finger is passed high into the vagina of a 
nullipara, and then drawn down along one 
lateral wall exerting a slight outward pressure, 
it comes to rest on the upper surface of the 
muscle, the extent and relations of which 
can be readily ascertained. It will also be 
obvious that the main masses of the muscle 
pass backwards at each side of the perineal 
body with a distinct separation between them. 
If a similar examination is made‘in a case 
of fairly extensive perineal laceration, the 
lateral masses of the muscle will still be felt, 
but the gap between them will be greatly in- 
creased, in consequence of their outward re- 
traction. Further, if a similar examination 
is made in the case a patient in whom suture 
of the muscle has been carried out, the upper 
border of the lateral masses will be obvious, 
and so will the fact that they actually meet 
one another in the middle line throughout the 
whole anteroposterior depth of the perineum. 
Lastly, if the muscle is exposed from below, 
and if it is caught in a forceps and drawn 
down, the finger in the vagina readily proves 
that the forceps is holding the muscle which 
forms the pelvic floor and no other. For this 
reason I have no hesitation in saying that it 
is impossible for any one who has become at 
all familiar with the details of the operation to 
mistake the muscle for any other structure 
in the pelvic floor. 

Just as the possibility of mistaking a prac- 
tically non-existant structure for the levator 
ani has been exaggerated, so has the difficulty 
of the operation and the extent of the dissec- 
tion required. I cannot understand this 
latter exaggeration, but, to show that it 
exists, I quote a sentence from an article by 
Martin of Bumm’s Clinic, in which he de- 
scribes an operation that appears to have 
very few points of difference from the one 
I habitually practice. Martin writes: “If 
the fibers of the levator ani are to be brought 
into view, the connection between the pelvic 
fascia and the superficial diaphragmatic 
fascia must be divided. This, however, means 
a very deep dissection, and causes hemor- 
rhage if a broad strip of the puborectalis is 
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laid bare, because one is working in the 
neighborhood of the rectovaginal venous 
plexus. When the muscle is approximated, 
the needle frequently pierces this plexus, 
and so causes emboli as Bumm has described.”’ 
I have criticized adversely from the stand- 
point of my own experiences both Krénig’s 
and Martin’s efforts to attach difficulty and 
danger to the routine suture of the levator ani. 
There is, however, one disadvantage of a 
slight character to which they both allude, 
and which I think requires attention. I 
refer to the fact that the exposure of the 
muscle and its separate suture leads to the 
formation of dead spaces between the vaginal 
mucous membrane and the upper surface of 
the muscle. If these spaces are allowed to 
remain in a condition in which blood can 
accumulate in them, infection of the clot 
from the rectum is very likely to occur, and 
to convert the hematoma into an abscess. 
There is, however, a very simple and _ essen- 
tial method which I shall presently describe, 
of obliterating such spaces, thereby prevent- 
ing the accumulation of blood in them. 
Before describing the operation which I 
have evolved, and which I habitually prac- 
tice, I would like to say that I do not claim 
anything original for it, and that so far as I 
can see, identical principles of operation must 
have been adopted by many others. It is 
only because so many gynecologists seem to 
consider that routine muscle suture in the 
course of a perineorrhaphy is difficult and 
hesitate to perform it on this account, that I 
describe my own technique which I have 
followed practically unchanged for the last 
six years. I cannot give the total number of 
cases on which my assistants or myself have 


operated, but during the last three and a 


half years, 346 perineorrhaphies for chronic 
laceration have been performed at the Ro- 
tunda Hospital, in practically every one of 
which the levator ani has been sutured. In 
an occasional case, union has failed to occur, 
in an occasional case — particularly in the 
early ones — a haematoma has formed, but 
there has never been a death, or even a pa- 
tient whose condition gave rise to anxiety 
owing to the occurrence of emboli from 
punctured venous plexuses. 
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I should also like to say, in case the slides 
of the operation appear familiar to some of 
you, that the drawings from which they were 
made were made just two and a half years 
ago for me from my operations, and that I 
take no responsibility for their resemblance 
to any other illustrations which have been 
drawn and have appeared since. Within 
the last two months I have had certain ana- 
tomical details in them slightly altered, as 
the levator muscle was placed at too super- 
ficial a level. 

The essential features of the operation are 
as follows: 

1. The careful dissection of the necessary 
amount of vaginal mucous membrane from 
the rectum. 

2. The exposure and suture of the separa- 
ted levator ani muscles. 

3. The careful approximation of the cut 
edges of the vaginal mucous membrane, in 
such a manner as to leave no projection or 
redundancy. 

The operation is carried out as follows: 
The extent of the perineal tear is carefully 
determined, and its anterior edges are marked 
out by bullet forceps. A third bullet for- 
ceps is applied to the perineal skin just 
behind the posterior edge of the tear. The 
position of the separated edges of the leva- 
tor ani is by palpation through the mucous 
membrane of the vagina. An incision is 
then made from side to side along the line 
of junction of the skin and the vaginal mu- 
cous membrane. This incision cuts through 
the skin and any underlying scar tissue. 
A flap of vaginal wall is then dissected up 
off the underlying rectum. At its lowest 
part it is firmly held to the rectum and the 
sphincter ani by cicatricial bands, the re- 
sult of the old cicatricial healing. As 
soon, however, as these have been cut 
through, the separation of the remainder of 
the flap by blunt dissection is an easy matter. 
The easiest method of dividing these bands 
with the scissors so as to avoid injuring the 
rectal wall is shown. When the dissection of 
the flap is complete, a triangular space is 
exposed, which is bounded laterally below by 
the remains of the superficial vaginal and 
perineal muscles, and at a deeper level by 


the pubococcygeal fibers of the levator ani 
muscle while its floor is formed by the rectum. 
It is then an easy matter to catch the edges 
of the levator ani with clip forceps or dis- 
secting forceps, and to draw them downward 
and inward until they meet in the middle line. 
If the separation and atrophy of the muscle 
is marked, then it may not be possible to 
draw the edges down sufficiently, but in the 
great majority of cases, they can be brought 
into view as shown. Three or four inter- 
rupted sutures of catgut are then passed 
through them from side to side so that when 
tied they will approximate them in the 
middle line, for the present, however, they 
are left untied. The next step is to trim 
the vaginal flap into proper shape, so that, 
when the operation is complete, there may 
be no redundancy. The usual line of in- 
cision is shown, and the effect of the removal 
of redundant tissue. The cut edges of the 
flap are then brought together by a continuous 
catgut suture passed from above downward, 
and ending at the vulvar orifice. This 
being done, the catgut sutures in the levator 
muscles may be tied. The last step consists 
in the introduction of silkworm gut sutures 
passed so as to close the skin edges of the 
perineal wound. These sutures are passed 
from side to side, and traverse the skin, and 
the remains of the superficial perineal mus- 
cles and also the levator muscle so as to 
supplement the buried catgut sutures. 

Sometimes during this procedure there may 
be hemorrhage from the hemorrhoidal vessels 
Any bleeding vessel, if of large size, should 
be caught and tied but, as a rule, the best 
method of stopping bleeding is by proceeding 
rapidly with the operation. 

I have mentioned the tendency there is 
to the formation of dead spaces between the 
vaginal mucous membrane and the upper 
surface of the levator ani, as a result of the 
necessary stripping up of the vaginal flap 
and the separation of the edges of the muscle 
from the sides of the vagina. The final step 
of the operation is directed towards the pre- 
vention of the accumulation of blood in such 
spaces, and is, in my opinion, an essential 
precaution. It consists in the firm plugging 
of the vagina with iodoform gauze. The 
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plug must be applied most carefully, so as to 
avoid injury to the vaginal sutures, and in 
such a manner that it lies wholly above the 
muscle with the exception of the end which 
hangs out through the vulvar opening. It 
is quite impossible to introduce it satisfac- 
torily by merely pushing it upwards through 
the narrowed orifice. The reconstituted peri- 
neum must be drawn carefully backwards by 
means of a narrow retractor passed into the 
vagina, so as to lie above the levator muscle. 
The retractor which I use for the purpose is 
known as Doyen’s anterior vaginal retractor. 
Though intended as an anterior retractor, 
it possesses a blade which is set at just the 
correct angle to the handle to allow it to pull 
back the posterior vaginal wall and the 
muscle in the manner required for the inser- 
tion of the plug. By means of it, it is pos- 
sible to introduce a strip of gauze about three 
inches wide and some five to six yards in 
length in such a manner that, while the gauze 
expands the upper part of the vagina and 
keeps the posterior vaginal wall in close con- 
tact with the sutured muscle, it throws little 
or no strain on the sutured mucous membrane 
which lies below it. 

I have described this step in detail because 
I attach very great importance to it, and 
because it is impossible to carry it out satis- 
factorily without a suitable appliance such 
as the retractor I mention. 

The advantages of the foregoing operation 
are its ease and its rapidity. In an ordinary 
uncomplicated case it can be finished in less 
than ten minutes, and it very rarely takes 
more than fifteen minutes. The advantages 
of positive suture of the levator ani in perineor- 
rhaphy operations are so obvious that they 
do not require mention but to emphasize 


them I show four diagrams, which I construc- 
ted with fair accuracy from two cases of 
perineorrhaphy. The first pair of these 
show the condition of the perineum and 
the relations of the rectum and the vagina 
in a patient on whom one or the other of the 
older perineorrhaphy operations had been 
performed. The external results was ap- 
parently excellent, but on passing the finger 
into the vagina, the perineum was found to 
consist of a thin shelf, formed of skin and 
superficial fascia. A little further examina- 
tion showed that the lateral masses of the 
levator ani muscle, well developed but widely 
separated, lay in the position into which they 
had retracted as a result of the original 
laceration. The second pair of diagrams 
show the same points in a patient in whom 
the muscle had been sutured and the operation 
carried out as I have described. The differ- 
ence in the condition of the perineal body 
is at once obvious, and further examination 
showed that the lateral masses of the levator 
met in the middle line. In fact, the shape 
of the perineum is practically that found in 
the nullipara, and the only difference is 
that the inner muscle edges meet in the middle 
line instead of merely sending a few fibers 
into the central tendon of the perineum. 


CONCLUSIONS 


1. Routine suture of the levator ani is an 
essential part of perineorrhaphy. 

2. Routine suture is always practicable, 
except when the muscle is wanting owing to 
atrophy after injury. Such absence is very 
rare, and, when it occurs, it is impossible to 
reconstitute the perineum satisfactorily. 

3. The exposure and suture of the levator 


ani is neither difficult nor dangerous. 
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HYPERTHYROIDISM: PRIMARY AND LATE RESULTS OF OPERATION’ 


By C. H. MAYO, M. D. 


HE term hyperthyroidism is so ex- 
pressive of a group of symptoms, the 
symptom-complex of which has been 
seen and described under various 

names in all countries, that it is chosen as 
the title of this study. 

Through one hundred and fifty years the 
condition has been a topic of discussion by 
Morgagni (1), Flajani (2), Parry (3), 
Graves (4), Basedow (5), and later, under the 
term ‘‘exophthalmic goiter,’’ by innumerable 
other observers. 

The thyroid is a very necessary gland in 
the growth and development of body and 
brain and must also be classified among both 
the glands of nutrition and the glands of 
defense. Like all the essential organs and 
kinetic glands of the body, it has a wide 
variation of its activity within the limits of 
health. Probably the secretion of one-sixth 
of the adult gland is enough to maintain the 
metabolic balance, which is no more sur- 
prising than that one-half of one kidney will 
maintain urinary balance. A similar con- 
dition exists in many other organs of the body. 

Many factors exist which control such 
organs in order that the balance of health 
may be maintained, yet any or all of them 
may be temporarily deficient or overactive 
in their functions; but, unless there be an 
actual great loss of cells or a markedly 
hyperplastic condition, they are held in 
control. In this variation of activity in the 
normal thyroid, and in the normal changes 
in activity of its various vesicles, the thyroid 
sometimes manifests a storage function, re- 
taining for a time its secretion, and depositing 
colloid substance for this purpose. 

This almost brainlike intelligence of the 
glands, both duct and ductless, shows why 
so futile is the effort to transplant glands 
from other animals to the human, with the 
expectation that the gland will automatically 
functionate. Especially is this true of the 
reported cases of the transplantation of 
glands from animal to man, in which there 
is always a definite laking of the blood. A 
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temporary benefit may be obtained, how- 
ever, from the transplantation of the glands 
of internal secretion through the digestive 
power of the phagocytes. 

That there should be a definite microscopic 
picture in so definite a disease as hyper- 
thyroidism is to be expected. The only 
organ that gives such an exclusive picture 
is the thyroid. The trained pathologist 
should not only recognize the condition, but 
also its degree of activity and its stages; that 
is, whether progressing, regressing, or regen- 
erating. 

The coincident pathology of the other 
essential organs, such as nephritis, fatty de- 
generation of the liver, myocarditis, and 
brown atrophy of the heart muscle, while 
characteristic of toxemia, would not neces- 
sarily come from the toxic thyroid. The 
enlarged thymus is found in a majority of 
cases of hyperplastic thyroid, yet is not found 
in many of the most serious cases. 

In the pathologic examination, the whole 
of the tissue removed must be macro- 
scopically observed, that an unessential small 
area of hyperplasia or of colloid storage be 
not chosen as the sole picture of the glandular 
histology. The changes in so small an 
amount of tissue may be neutralized by other 
factors. The pathologic material from our 
cases has been studied by Wilson. (6) In 
his most recent paper he presents a com- 
parative study of the thyroids from the three 
groups of cases which we recognize clinically 
(Plummer). They are summarized as fol- 
lows: (Table 1) 

““y. Practically all cases of clinically true 
exophthalmic goiter show marked primary 
hypertrophy and hyperplasia of the paren- 
chyma of the thyroid. Furthermore, the 
clinical stage of development of the disease 
is paralleled by the stage of development of 
the pathologic condition in so sufficiently 
marked a degree that one may estimate the 
clinical condition from the pathologic exami- 
nation with about 80 per cent of accuracy. 
The degree of severity of the clinical condi- 


1 Read before the Clinical Congress of Surgeons of North America, London, July 28-30, ror4. 
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PATHOLOGIC GROUPING OF THYROIDS FROM CASES OF TOXIC 
HYPERPLASTIC, TOXIC NON-HYPERPLASTIC, AND ATOXIC (SIMPLE) GOITER 
PERCENTAGE DISTRIBUTION AVERAGE AGE AT OPERATION 
Exoph. Toxic Toxic Toxic Atoxic Exoph. Toxic Toxic Toxic Atoxic 
goiter. goiter goiter goiter (simple) goiter. goiter goiter goiter (simple) 
clinical, clinical, clinical, goiters. clinical, | clinical, | clinical, | goiter. 
Group 2. | Group r. Group z. Group 2. | Group 1. | Group r. 
+ ? + . 
“Exoph. “Exoph. “Simple | “Simple | “Simple | “Exoph. | “Exoph. | “Simple | “Simple | “Simple 
list, list,’ list,” list,” list,” list,” list,” list,” list,”’ list,”’ 
IQII-12. | Io1o-12. | rorr-12. 1912. 1912. IgtI-12. | 1910-12. | 1911-12. 1912. Ig12. 
431 Cases 129 cases | 155 cases go cases 373 Cases | 431 Cases | 129 Cases] 155 Cases} 90 Cases | 373 Cases 
Nev reed) Bei dpeaaepdl e 
v i 
i 374 Cases 374 Cases 
a Per cent. Per cent. | Percent. | Percent. | Per cent. ars. Tears Tears ag Foe 
Pe eg Ee e Years Years. Years. Years. Years. 
matous hypertrophy and 
EIIIGR «.5 a oisis cc diccees 4.0 
B Advanced primary paren- ao:2 
chymatous hypertrophy 
and hyperplasia......... 43.0 
C Regressing primary paren- sent 
chymatous hypertrophy 
and hyperplasia......... §2.5 40.7 
Average of total parenchy- a 
matous hypertrophy and 
re 09.5 0.5 35.9 
D Secondary regeneration of 
atrophic parenchyma of 
“colloid” goiter......... 50 17 9 9.0 34.0 32.0 38.0 31.0 
E Feetal adenomas......... 12 7 10 5.0 ° 
F Degenerating foetal adeno- " 59. a aie a aed 
MR cs othinciaty vin ees 33 14 18 18.0 43.0 50.0 48.0 40.0 
Average of total foetal ade- 
| eee Tee ee 45 2I 28 23.0 41.0 48.9 44.7 39.7 
G Adult “colloid” adenomas 3 2r I 23.0 5 
H Atrophic parenchyma, . , wr Sa = el 
(“colloid”’) thyroids, 
“adenomatoses,”’etc..... 2 41 44 44.0 52.0 46.0 41.0 37-0 
Average of total colloid fi 
goiters, adult parenchyma 5 62 63 67.0 47-5 45.0 41.6 37-5 
AVERAGE DwrRATION OF GOITER BEFORE OPERATION AVERAGE WEIGHT OF PorTION OF GLAND REMOVED 
‘ : Years. Years. Years. Years. Years. Grams. Grams. Grams. | Grams. | Grams. 
A Early primary parenchy- 
matous hypertrophy and 
hyperplasia............. 0.3 38 
B Advanced primary paren- 
chymatous_ hypertrophy 
and hyperplasia ee techies 0.9 61 
C Regressing primary paren- 
chymatous hypertrophy 
and hyperplasia......... 3.5 51 
Average of total parenchy- S| ities ai a — 
matous hypertrophy and 
hyperplasia............. 2.3 55 
D Secondary regeneration of — he 
atrophic parenchyma of 
“colloid” goiter, .... os 6.9 ns.4 8.0 9.6 67.0 100 153 143.0 
E Feetal adenomas aaa 4.4 5.8 13.6 12.5 68.0 97 139 122.0 
F Degenerating foetal adeno- 
ee ee nen Pee 12.6 22.7 24.2 13.1 QgI.0 186 190 129.0 
Average of total foetal ade- 
nomas 8.8 18.0 20.5 13.0 83.7 162 172 127.5 
G Adult “‘colloid’’ adenomas 17.7 £5..2 fA5 14-3 139.0 184 206 147.0 
H Atrophic parenchyma, 
(“colloid”’) thyroids, 
““adenomatoses,”’ etc... . . 12.0 20.2 16.5 14.5 140.0 196 188 164.0 
Average of total colloid r 7 ; 
goiters, adult parenchyma 14.0 18.7 16.0 14.4 139.0 192 193 159.0 
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tion is similarly paralleled by the pathologic 
condition of the gland. The relationship be- 
tween hypertrophy and hyperplasia of the 
thyroid and the clinical symptoms of true ex- 
ophthalmic goiter is remarkably constant.” 

“‘9. While mild degrees of hypertrophy 
and hyperplasia within physiologic limits 
may be present in the gland, particularly in the 
young and during pregnancy, yet the absence 
of this condition in the thyroids of adults 
coming to operation for toxic-non-exophthal- 
mic and non-toxic goiters is most striking. 
Without making any allowance for either 
clinical or pathologic errors of diagnosis, less 
than one per cent of all cases coming to opera- 
tion for goiter show any considerable primary 
hypertrophy and hyperplasia of the paren- 
chyma of the throid except as associated with 
clinical symptoms of true exophthalmic 
goiter.”’ 

“3. The pathology of atoxic simple goiter 
is marked essentially by atrophic parenchyma, 
decreased function; and decreased absorption. 
The process is a chronic one.” 

“4. The pathology of toxic-non-hyper- 
plastic goiter of Plummer’s (7) Clinical Group 
2 (that is, those resembling exophthalmic 
goiter) is one of increased parenchyma 
through regenerative processes in atrophic 
parenchyma or the formation of new paren- 
chyma of the foetal type with an increase in 
each instance of secretory activity and of 
absorption. The process is a chronic one, 
but sufficiently active to cause the patient 
to consult a surgeon earlier than do those in 
Clinical Group 1.” 

“‘s. The nearer the cases of Clinical Group 
2 (toxic-non-hyperplastic) approach, in age 
and symptoms, true exophthalmic goiter, 
the shorter the duration of the period of 
goiter before operation and the smaller the 
average weight of the gland at the time of 
its removal.” 

“6. The cases of toxic goiter of Clinical 
Group 1 (that is, those in which the symptoms 
are of the cardiovascular variety) much more 
closely resemble cases of simple goiter in their 
pathology in all respects than do the cases 
of Clinical Group 2. A larger number of 
them are of the colloid goiter type; the en- 
largement of the thyroid has existed for a 
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longer period before operation, and the por- 
tion of the gland removed is materially larger 
than in those cases of Clinical Group 2.”’ 

“7. Finally, it may be stated that all 
the above pathologic evidence points to a 
constant relative association of increased 
secretion and increased absorption from the 
thyroid proportional to the degree of toxicity 
on the part of the patient. We have as yet 
no absolute proof that such secretion and 
absorption is the cause of, rather than co- 
ordinate with, the symptoms, but the pre- 
sented evidence strongly points to that con- 
clusion.” 

What causes an overactivity of the thy- 
roid? It is possible that the condition may 
arise from extra demands made upon the 
gland in its capacity for nutrition or defense 
in toxic conditions. Possibly in its latent 
sex relationship such demands may be tem- 
porary or long-continued. For a time the 
excess secretion may be neutralized. When 
shock is attributed as the cause of the sudden 
onset of hyperthyroidism, it is often only an 
evidence that the equilibrium of the nervous 
system has been upset in the presence of a 
latent hyperplastic thyroid, thus producing 
the sudden symptoms which had previously 
been controlled or neutralized. 

Up to July 1, 1914, 6960 operations had 
been performed for goiter in our clinic. Of 
these, 3327 were performed upon patients 
with hyperthyroidism. The greater num- 
ber of these patients have been seen clinically 
by Plummer. His observations on the symp- 
toms are as follows: 

“The cases were classified clinically as 
hyperplastic toxic, hyperplastic atoxic, non- 
hyperplastic toxic, and non-hyperplastic 
atoxic. 

“Patients coming under observation with 
non-hyperplastic toxic goiter gave a history 
of having first noted the goiter at the average 
age of 22 years, and the evidence of intoxica- 
tion at the average age of 36.5 years. The cor- 
responding ages for hyperplastic goiter were 
respectively 32 and 32.9 years. 

“That non-hyperplastic toxic goiter was 
noted to years earlier in life than hyperplastic 
toxic goiter, that 14.5 years elapsed between 
the appearances of non-hyperplastic goiter and 
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the development of notable toxic symptoms; 
and that the constitutional symptoms were 
noted but a few months later than the goiter 
in the patients affected with hyperplastic 
thyroid, was alone sufficient to show that 
we were dealing with at least two distinct 
pathologic and clinical groups. That one 
was not the sequence of the other was self- 
evident. 

“We may safely come to the conclusion 
that exophthalmic goiter is a definite clinical 
complex always associated with hyperplasia 
of the thyroid, and that it should be sharply 
distinguished from the constitutional state 
that may develop with non-hyperplastic 
goiter. 

“Let us note the parallelism of thyro- 
toxicosis and alcoholism and assume that 
there are three toxic elements in the thyroid 
secretions: one damaging chiefly the nervous 
system, one the circulatory system, and the 
other producing exophthalmos. In exoph- 
thalmic goiter all three elements are in ex- 
cess, but the clinical picture is dominated 
by a nerve toxin although in individual cases 
the circulatory toxin or element producing 
exophthalmos may seem to be in excess. 

“The intoxications from non-hyperplastic 
goiter may be divided into two merging 
groups: (1) A group in which the cardiac 
toxin predominates, in which the clinical 
picture closely resembles and in many in- 
stances cannot be differentiated from the 
cardiovascular complex resulting from alco- 
holic, luetic, septic, and other well-known 
toxins; (2) a group more closely approach- 
ing the picture of Graves’ disease and includ- 
ing the cases that have been erroneously so 
diagnosed by the mass of the profession.” 
(In this group are those cases in which there 
is degeneration of encapsulated adenomata. 
While they do not have exophthalmos, in 
lieu of this they may have the staring and 
widening of the palpebral fissure. The pulse 
is irregular in tension and ryhthm. Circula- 
tory changes and muscular weakness are 
marked. Many of them have been treated 
for hyperthyroidism and some of them ren- 
dered worse by the further degeneration of the 
gland which has been induced by cytolytic 
serums.) 


“The average lapse of time between the 
appearance of non-hyperplastic goiter and 
toxic symptoms is 14.5 years. That the 
patient comes under observation three years 
later indicates that the onset is usually 
insidious. | Nervousness, tremor, loss of 
strength and weight, as a rule, develop slowly, 
but may appear suddenly long before definite 
evidence of myocardial damage. The ad- 
ministration of iodine may cause the sudden 
appearance of those symptoms with myocar- 
dial insufficiency much as they might follow 
the prolonged drinking bout of an old toper 
who had not previously shown decided 
evidence of chronic alcoholism. In some 
cases the clinical aspect, as noted above, 
closely approaches that of exophthalmic 
goiter. However, the symptoms are less 
complex, less definitely associated, and, ex- 
cept for a damaged heart, less intense. There 
is much evidence to suggest that during the 
14.5 years previous to the onset of definite 
toxic symptoms many of the cases of non- 
hyperplastic thyroid may be compared to the 
alcoholic tippler in that if the soil is right they 
develop arteriosclerosis, in many cases show- 
ing the combined picture of thyrotoxicosis 
and arteriosclerosis. 

“The development of a typical syndrome 
of Graves’ disease in a case having a definite 
history of simple goiter means that a hyper- 
plastic goiter has been superimposed upon 
the simple type. 

“The onset of exophthalmic goiter is, as 
a rule, relatively acute and the course of the 
disease fairly definite. The clinical picture 
early in the history is that of a toxin acting 
directiy on the more vital organs, more no- 
tably on the central nervous and vascular 
systems. Later it is made more complex 
by the interaction of those organs whose 
functions have been directly disturbed by 
the toxin. The order of onset of the most 
important symptoms based on the average 
of our series is as follows: (1) Cerebral 
stimulation, (2) vasomotor disturbances of 
the skin, (3) tremor, (4) mental irritability, 
(5) tachycardia, (6) loss of strength, (7) 
cardiac insufficiency, (8) exophthalmos, (9) 
diarrhoea, (10) vomiting, (11) mental de- 
depression, (12) jaundice, and (13) death. 
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“If the average course of the intoxication 
be represented by a curve, the greatest 
height is reached during the latter half of the 
first year, and then suddenly drops to the 
twelfth month. In many instances it reaches 
the normal base-line during the next six 
months. More often it fluctuates with 
periods of exacerbation for the next two to 
four years. Secondary symptoms and exoph- 
thalmos may remain, but the active course 
only rarely continues over four years without 
distinct intermissions. Compare the strik- 
ing resemblance of the character, order of 
onset, and course of this train of symptoms 
with that resulting from the heavy use of 
alcohol by a susceptible individual over a 
corresponding period of time. Near the 
crest of the curve any shock, operation, etc., 
that treats the patient to another drink may 
result in tremens or death. 

“In the average course, after the first 
year, the symptoms that may be attributed 
to long-continued intoxication rather than 
to a high degree of acute intoxication—that 
is, those from the more chronic types of heart, 
liver, and degeneration of the kidney—enter 
into the clinical picture. In attempting to 
construct a composite curve, we find that the 
curves of those symptoms that we can readily 
attribute to a high degree of immediate 
intoxication from the thyroid gradually drop, 
while the curves for those findings attribu- 
table to a long-continued intoxication of a 
lower degree gradually rise.” 

The various types of goiter should be 
treated both medically and surgically. Many 
goiters of the simple and mild exophthalmic 
type undoubtedly regress spontaneously, al- 
though various forms of medical treatment 
may hasten the recovery and restoration 
of the gland to an apparently normal con- 
dition in many instances, especially in the 
early stages of simple goiter. 

Exophthalmic goiter is essentially a disease 
of a chronic character, presenting exacerba- 
tions and ameliorations of symptoms ex- 
tending over a period of months or several 
years. After the first year the gland often 
undergoes a regression. 

While this disease is amenable to surgical 
treatment by the removal of a large amount 
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of the hypersecreting gland, it is by no means 
urgent surgery; and all patients during periods 
of exacerbation should be considered as 
medical cases. Surgery is indicated in the 
up-wave of improvement. The majority 
of these cases can withstand thyroidectomy 
at the time they are seen by the surgeon. 
Extreme conditions, especially dilatation of 
the heart, may require medical preparation, 
and the operative interference following in 
cases resistant to treatment should be con- 
fined to injections of boiling water into the 
gland, after Porter’s (8) plan, to hasten im- 
provement. In most of the severe cases, a 
ligation is made first of the left upper pole 
only. Should the reaction following this 
be severe, the ligation of the right upper pole 
is indicated a week later, and thyroidectomy 
reserved until four months have elapsed, by 
which time these patients have made an aver- 
age gain of twenty-two pounds, with great 
general improvement. However, if the re- 
action following the left ligation is not un- 
duly severe, a partial thyroidectomy may be 
made at the second operation, the week 
following. 

Ligation. The ligation of vessels as an 
operative procedure was performed in the 
early part of the nineteenth century and later 
revived by Wolfler. The ligation of the 
superior thyroid arteries is made through a 
transverse incision over the center of the 
thyroid cartilage. The incision is made 
through the skin and platysma muscles. 
Blunt dissection with spreading probe-pointed 
scissors exposes the inner border of the sterno- 
mastoid muscle, which is drawn outward. 
The anterior belly of the omohyoid muscle 
is next exposed, elevated, and drawn in- 
ward, which brings into view the upper pole 
of the thyroid with its vessels. A permanent 
ligature is passed around these viens and 
arteries, close to the gland or even including 
its tip. This prevents reversal of circulation 
by vessel-anastomosis, which occurs from 
high ligation of the artery. Injury to the 
nerve is not feared, as here the incision is made 
between the superior and inferior laryngeal 
nerves and the gland is easily approached. 
No drainage is necessary. According to the 
purpose of the operation, and to the condition 
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of the patient, one or both sides may be 
ligated at the same time. 

Ligation of the inferior thyroid artery is 
made through a lower transverse incision 
between the insertions of the sternomastoid 
and requires elevation of the lobe of the 
thyroid and exposure of the vessel at the 
point the ligature is applied, so that nerve- 
tissue may not be included. This operation 
is usually done only for those patients suffer- 
ing from a severe relapse after a partial 
thyroidectomy. Operating thus in stages 
may be advisable in certain cases, especially 
of exophthalmic goiter; for example, the 
upper left pole may be ligated under novo- 
caine. Should severe reaction ensue, a few 
days later the right ligation is made, from 
which there is less reaction. If the primary 
operation has been made without marked 
bad effect upon the patient, the secondary 
operation of thyroidectomy may be done in 
about a week. In the cases in which only 
double ligation has been done at an earlier 
period, the larger part of the gland may be 
removed at the end of four months. By 
this time the patients who have been under 
weight will have gained an average of twenty- 
two pounds, and the thyroidectomy can be 
made with safety. 

Sympathectomy. The Jaboulay operation 
is a cervical sympathectomy of the superior 
and sometimes of the middie ganglia and is 
employed in those cases in which the exoph- 
thalmos is marked, the nervous symptoms 
active, and the gland small. In such cases 
the superior thyroid vessels are often ligated 
in the same incision. This operation can 
be done with novocaine as a local anesthetic, 
but is preferably made with a general or 
combined anesthestic. Incisions are made 
in the lines of the natural creases in the neck 
opposite the bifurcation of the carotid. The 
sternomastoid is drawn outward and a blunt 
dissection is made down to the jugular and 
carotid veins, which are then drawn inward. 
The posterior sheath of fascia inclosing these 
vessels is opened that the vagus nerve may be 
kept under observation, since this nerve 
is bulbous above this point and may be 
confused with the sympathetic. 

Under normal conditions the sympathetic 


between clamps. 
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ganglion is one-eighth to one-fourth of an 
inch wide. Many branches lead from it on 
either side. The connecting branches are 
divided, the upper part of the ganglion torn 
off or cut, and the lower portions of the 
nerve cut or torn off at the middle ganglion 
unless the middle ganglion is also removed. 

Thyroidectomy. The angular or bayonet 
incision is made for the removal of high- 
lying goiters which have developed in the 
upper pole of the gland. The best general 
exposure of the thyroid is through a low 
collar incision, commonly known as _ the 
Kocher incision, which includes the skin and 
platysma and extends laterally to the external 
jugulars. The skin with platysma is dissected 
upward, and also downward, uncovering the 
sternohyoid muscles. These are separated 
by a vertical incision which includes the 
fibrous capsule over the gland. Lateral 
traction, separating the two sternohyoid and 
also the sternothyroid beneath them, ex- 
poses the thyroid gland sufficiently and gives 
enough room for the removal of small goiters. 
However, in large and exophthalmic goiters 
it is necessary to divide the sternohyoid mus- 
cle in the upper part of the field over the 
thyroid cartilage. This is important, since, 
when reunited, it preserves the nerve sup- 
ply and breaks the line of closure of skin 
and muscle, preventing a muscle-drawn scar 
which moves with deglutition. The sterno- 
hyoid can usually be retracted, but should be 
divided if it limits the working field. Many 
of the troubles and accidents in the surgery 
of goiter would be avoided if the preliminary 
exposure of the thyroid were adequate be- 
fore proceeding with the gland itself. 

The lateral veins are caught and divided 
The gland is gently ele- 
vated with the hand, and, under slight ten- 
sion, the vessels at the upper pole are caught 
and divided between forceps. This is re- 
peated on the anastomosing vessels close to 
the isthmus. The vessels at the lower pole 
are treated in the same manner, the gland 
being held in the hands of an assistant, who 
keeps up continual traction, gradually elevat- 
ing and turning with the isthmus across 
the trachea, where the separation is made 
along the opposite lateral lobe. Few forceps 
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are required in simple goiters, while the hyper- 
plastic types require many. However, in the 
excision of an exophthalmic goiter one must 
keep close to the gland; and it is well to 
divide the capsule along the lateral border, 
which is caught in many clamps, and the 
gland more carefully enuncleated, saving this 
capsule, which effectually protects the re- 
current laryngeal nerves and also the para- 
thyroids. 

The anesthetic of choice in most cases 
is ether. Complicated cases, however, may 
be best carried through the operation by the 
local use of 0.5 per cent novocaine solution, 
with the addition of a little adrenalin. Oc- 
casionally the combined use of a local with a 
general anesthetic is advisable, a method 
which Crile has done much to popularize; 
the local anesthetic relieving the pain neces- 
sitates less of the general anesthetic to se- 
cure sleep. 

In severe forms of Graves’ disease the use 
of '/200 grain of scopolamine with 1/6 grain 
of morphine one hour previous to operation 
is often a distinct advantage. Some patients 
seem to have an idiosyncrasy to the drug, 
and in such cases the operation must be 
postponed twenty-four hours to permit elimi- 
nation. In all cases in which ether is used 
as the general anesthetic, '/ioo grain of 
atropine should be given one-half hour before 
operation to maintain a dry trachea and 
pharynx during the operative procedure. 

Mortality. The great lowering of mortality 
following operation for exophthalmic goiter 
is due less to trivial details of technique than 
to the better judgment in the preparation of 
patients, the selection of a time, type, and 
extent of operation, and its division into 
stages, with varying intervals of rest. The 
high mortality of the past is no longer a 
determining factor against the surgical treat- 
ment. As many as 278 consecutive opera- 
tions have been made on the thyroid be- 
tween deaths occurring from the operation. 
The average operative mortality at present 
probably varies from one to three per cent. 
Relapse of some degree occurs in a small 
percentage of cases through the removal of 
too small an amount of the thyroid. Such 
cases should be reoperated. 
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The following is the report of a few interest- 
ing cases ranging from one to several years 
since operation. 


CASE 1. 95443. O. E. L. Male, married, 
age 29. Examined November 13, 1913. History: 
Onset of symptoms five months prior toexamination; 
i. €., nervousness, tachycardia, exophthalmos, and 
loss of strength. Goiter had been noted for fifteen 
months. Six weeks prior to examination, tremor, 
dyspnoea, insomnia, and sweating developed. Symp- 
toms steadily increasing. Loss of weight twelve 
pounds. Examination: Marked evidence of all 
the preceding symptoms; definite exophthalmos; 
bruits in superior thyroid vessels; dilated heart; 
pulse t10. Operation: November 20, 1913. Liga- 
tion of left superior thyroid vessels followed by 
thyroidectomy seven days later. February to, 
I914, patient reports great improvement; has 
gained twenty pounds in weight; pulse 80; exoph- 
thalmos less marked; nervousness greatly reduced. 

CasE 2. 94464. A. H. T. Male, married, 
age 41. Examined October 27, 1913. History: 
Acute articular rheumatism five times. "Ten months 
prior to examination the patient became nervous, 
with tremor, dyspnoea, palpitation, tachycardia, 
and loss of strength. Eight months later goiter 
and exophthalmos were noted. Examination: 
Marked exophthalmos; forty pounds loss in weight; 
bruits in superior thyroid arteries. Operation: 
Thyroidectomy on November 3, 1913. February 
IO, 1914, patient reports himself cured; a gain of 
twenty-five pounds in weight; pulse 72; exoph- 
thalmos greatly improved; only slight nervousness. 


CASE 3. 04372. E. B. Female, single, age 20, 
height 5 feet 6 inches. Examined October 25, 
1913. History: Nervousness, tremor, dyspnoea, 


palpitation, tachycardia, loss of strength, sweating, 
and prominence of the eyes for one year. Ten 
months previously there was an attack of vomiting 
and diarrhoea, following which the patient was in 
bed for four months and lost fifty pounds in weight. 
She then improved until one month before examina- 
tion, when she began vomiting and exhibited evi- 
dence of increased intoxication. Examination: 
Definite exophthalmos; marked thrills and bruits 
in the superior thyroid vessels; pulse 130. Opera- 
tion: On November 3 and to, 1913, the thyroid 
vessels were ligated. February 10, 1914, the pa- 
tient reported steady gain in strength, increase in 
weight of ten pounds, and general improvement. 

CASE 4. 94806. A. B. Female, married, age 
26, height 5 feet 8 inches. Examined November 
2, 1913. History: No children; goiter for six 
years. All the features of nervousness, tremor, 
palpitation, tachycardia, loss of strength, diarrhoea, 
exophthalmos, and extreme intoxication existed 
during the first year. Since then, symptoms fluc- 
tuating but never returning to normal. She was 
able to do some housework. Examination: First 
degree of exophthalmos, thrills and bruits in both 
thyroid vessels. The pulse was 150; heart dilated; 
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she had lost 23 pounds in weight. Operation: 
Thyroidectomy on November 7, 1913. On Feb- 


ruary 13, 1914, the patient was reported “almost 
well’; pulse 78; a gain in weight of eleven pounds. 

CASE 5. 78726. M. C. P. Female, single, 
age 20. Examined January 18, 1913. History: 
Five months previous to examination she developed 
symptoms of goiter; nervousness, dyspnoea, pal- 
pitation, tachycardia, vomiting, diarrhoea, insom- 
nia, sweating, and exophthalmos; symptoms stead- 
ily progressive. Examination: Acute intoxica- 
tion; definite Stellwag; marked thrills and bruits 
in the superior thyroid vessels; heart dilated; pulse 
120. Operation: January 27, 1913, ligation of the 
left superior thyroid vessels. February 1, 1913, 
thyroidectomy. February 10, 1914, the patient 
was reported ‘“‘cured.’’ There had been a gain of 
thirty-five pounds in weight; eyes were normal, 
pulse 85, and very little nervousness. 

CasE 6. 77188. L. R. M. Female, married, 
age 27. Examined December 10, 1912. History: 
No children; always well; goiter for ten years. For 
the past two years she has noted enlargement of 
goiter and has developed nervousness, tremor, 
dyspnoea, palpitation, tachycardia, loss of strength, 
insomnia, sweating, and exophthalmos; steady 
increase in severity of symptoms. Examination: 
Pulse 130; definite exophthalmos; thrills and bruits 
in superior thyroid vessels; cardiac dilatation and 
other evidences of acute intoxication. Operation: 
On December 17 and 24, 1912, the superior thyroid 
vessels were ligated. On February 22, 10913, 
patient returned for thyroidectomy. February 10, 
1914, a report of great improvement was obtained; 
thirty-five pounds gain in weight; pulse 76; eyes 
nearly normal; able to do customary work. 

CASE 7. 76360. W. B. T. Female, married, 
age 42. Examined November 20, 1912. History: 
One child one year old; goiter developed following 
childbirth. Symptoms: nervousness, tremor, dysp- 
noea, palpitation, loss of strength, sweating, and 
exophthalmos. Acute condition lasted three 
months; after that slow improvement of symptoms. 
Examination: Definite exophthalmos; thrills and 
bruits in superior thyroid vessels; slight cardiac 
dilatation; pulse 116; forty pounds loss in weight. 
Operation: Thyroidectomy, January 8, 1913. Feb- 
ruary 10, 1914, patient reports great improvement; 
thirty pounds gain in weight; pulse 80; eyes nearly 
normal. She is doing her customary work. 

CasE 8. 71815. M. H. Female, single, age 
47, height 5 feet 2 inches. Examined August 8, 
1912. History: Fifteen months ago pulse 150, 
tremor, nervousness, loss of weight, vomited a few 
times; patient in bed one month. Entire attack 
lasted three months; very severe. Taught school 
all last year but did not regain weight or strength 
entirely; tremor remained. In the past month 
symptoms returned with loss of weight from 135 
to 110 pounds; nervous and weak—not confined to 
bed but has been up and down. Examination: 
Showed first degree of exophthalmos; pulse 110 to 
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120; left heart slightly dilated. Operation: August 
22, 1912, ligation left superior thyroid artery. 
August 28, 1912, ligation right superior thyroid. 
May 18, 1914, patient reports herself strong, able to 
work, not nervous or excitable, and weighing 
150 pounds. 

Case 9. A67678. F. P. Female, married, age 
37, height 5 feet 2 inches. Examined May 1o, 1912. 
Three children; youngest six months old. History: 
Noticed small lump right side of neck for ten years; 
no symptoms until three months ago when she 
developed a rapid heart action, fatigue, nervous- 
ness, and loss of weight. One month ago vomited 
from seven to ten days everything swallowed. 
Severe diarrhoea for three days one and a half months 
ago. Goiter has grown very rapidly since February. 
Average weight 125 pounds; weighed 88 pounds 
three weeks ago. Irritating cough with expectora- 
tion. Examination: Showed second degree of 
exophthalmos, thrills, and bruits in both superior 
thyroid vessels; pulse 156; present weight 80 pounds. 
Operation: May 22, 1912, ligation of both superior 
thyroid arteries. May 11, 1914, patient reports 
herself much improved in general health and 
strength; tremor almost disappeared; pulse 70 to 
80; present weight 127 pounds. 

CasE 10. 25098. J. E. K. Female, married, 
age 28. Examined June 21, 1909. History: Three 
months prior to examination patient developed 
hyperthyroidism, nervousness, protrusion of eyes, 
cardiac dilatation; pulse 140; 25 pounds loss in 
weight. Symptoms repeatedly progressing. Ex- 
amination: Definite exophthalmos; bruits in thy- 
roid vessels. Operation: June 24, 1909, thyroidec- 
tomy. February 10, 1914, patient reports herself 
cured; has gained fifty pounds in weight; eyes im- 
proved; pulse 84; doing customary work. 

CASE 11. 22288. L. K. O. Female, married, 
age 26. Examined April 8, 1909. History: One 
child, age six years. Six months previous to ex- 
amination goiter was noted with symptoms of 
nervousness, tremor, exophthalmos, tachycardia, 
dyspnoea; steadily progressing. Examination: Ex- 
ophthalmos; marked bruits in superior thyroid 
vessels; pulse 130; twenty pounds loss in weight. 
Operation: April 14, 1909, ligation. October 4, 
1909, thyroidectomy. February to, 1914, patient 
greatly improved; twenty pounds gain in weight; 


- pulse 90; doing customary work. 


CASE 12. 20797. F. F. K. Male, single, age 
40. Examined March 2, 1909. History: Ex- 
ophthalmos developed three years prior to examina- 
tion. Two years later symptoms appeared of 
nervousness and cardiac dilatation; twenty pounds 
loss in weight; goiter not noticed. Examination: 
Pulse 120, definite goiter and marked intoxication. 
Operation: March 6, 1909, thyroidectomy. Feb- 
ruary 10, 1914, patient is reported as being entirely 
well and doing more work than usual; pulse normal, 
eyes improved, gained forty pounds. 

CASE 13. 19390. E. J. G. Female, married, 
age 53. Examined January 23, 1909. History: 
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No children. In 1906 patient developed nervous- 
ness, tremor, tachycardia, palpitation, dyspnoea, 
cedema, diarrhoea, and loss of strength. One year 
prior to examination exophthalmos appeared 
six months later goiter. Symptoms severe dur- 
ing first year, fluctuating since then. Examina- 
tion: Marked Stellweg; arrhythmia; pulse about 
100. Operation: January 23, 1909, thyroidectomy. 
February 10, 1914, patient greatly improved and 
doing customary work; pulse 80; eyes improved; 
gain in weight. 

CasE 14. 18484. A. W. B. Female, married, 
age 20. Examined December 19, 1908. History: 
Marked exophthalmos in 1904. One year later 
goiter, nervousness, tremor, and dyspnoea; symp- 
toms gradually progressing. Examination: Marked 
exophthalmos; cardiac dilatation; pulse 120; acute 
intoxication. Operation: January 7, 1909, thyroidec- 
tomy. February 10, 1914, report states great im- 
provement, gain in weight 25 pounds, pulse 82, 
eyes improved. She is doing her customary work. 

CasE 15. Gs5228. .-J. S. H. Male, age 47. 
Examined August 25, 1905. History: Mild attack 
eight years prior to examination. Seven years 
later goiter was noted, with nervousness, exophthal- 
mos and pulse 140. Symptoms most severe the 


past four months. Examination: Typical ex- 
ophthalmic goiter. Operation: August 28, 1905, 
thyroidectomy. February 10, 1914, patient re- 


ports that he is cured. He has gained forty pounds 
in weight; eyes, heart, and pulse normal; no nervous- 
ness. 

CasE 16. G4782%. P. H. L. Male, age 30. 
Examined May 15, 1905. History: Patient had 
had symptoms of tachycardia, nervousness, and 
tremor for a year and a half. About eight months 
prior to examination exophthalmos and goiter were 


noted. Symptoms steadily progressive. Examina- 
tion: Definite exophthalmos, enlarged thyroid, 


pulse 130. Operation: May 16, 1905, thyroidectomy. 
February 10, 1914, patient reported cured. Thirty- 
eight pounds gain in weight, pulse and heart normal, 
eyes moderate. 

CASE 17. P2617. G. H. Female, married, 
age 44. Examined May 11, 1905. History: One 
child 16 years of age; goiter of several years’ dura- 
tion, increased during past year with nervousness, 
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protrusion of eyes, palpitation, and tremor. Ex- 
amination: Firm thyroid; heart dilated; pulse 120. 
Operation: May 13, 1905, thyroidectomy. Feb- 
ruary 10, 1914, patient cured; gain of thirty-five 
pounds in weight; pulse and heart normal; eyes 
greatly improved. She is doing her usual amount 
of work. 

Case 18. P1657. B. L. P. Female, married, 
age 30. Examined June 11, 1904. History: One 
child seven years of age; goiter, exophthalmos, 
tachycardia, and tremor for two years. Examina- 
tion: Moderate exophthalmos; slight tremor; pulse 
100. Operation: June 15, 1904, thyroidectomy. 
February 10, 1914, patient reported cured; pulse 
and heart normal; eyes normal; no nervousness; 
gain of twenty pounds in weight. 


It may be well to note here the effect of 
pregnancy during the progress of the disease 
or following the operation. A few of these 
patients are in much better health during 
pregnancy; however, in the majority the 
symptoms are worse. I believe that the 
risk to life incident to pregnancy and labor 
is less than from abortion, which rarely 
should be produced, since most of these 
patients improve after childbirth. 
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“Pathogenesis of the Hemorrhagic Dis- 

eases of the New-born,’”it wasshown that 

all those diseases commonly known as 
Buhl’s disease, Winckel’s disease, melaena ne- 
onatorum, etc., are probably different expres- 
sions of an asphyxial process. This conclusion 
was based in part on the successful reproduction 
of the various anatomical changes character- 
istic of the diseases mentioned, by permanent- 
ly diminishing the blood supply to the preg- 
nant uterus of an animal shortly before labor. 
At that time it was noted that when any 
considerable disturbance of circulation was 
produced, violent movements of the foetuses 
occurred. This observation suggested the 
query, Are all foetal movements the expres- 
sions of an asphyxia? 

In studying the literature I was impressed 
by the fact that very little has been done to 
analyze the factors concerned in the produc- 
tion of foetal movements; and almost none of 
this has been experimental. Braxton Hicks’ 
was apparently one of the first to apply ex- 
perimental methods to the study of this 
question, and it was he who devised the means 
of graphically recording foetal movements 
which Ahlfeld* later employed in a more de- 
tailed investigation. Ahlfeld in fact apparent- 
ly has gone into the question of foetal move- 
ments more extensively than any one else. 
Hestates that there are many kinds recognized 
through the abdominal walls; and he classi- 
fies them into extremity movements, stretch- 
ing movements, physiological contractions 
of the diaphragm, and physiological intra- 
uterine respiratory movements. He states 
also that there are still other kinds which 
have not yet been recognized through the 
abdominal walls; namely, swallowing and 
sucking movements. His experimental work 
was confined to the making of curves, with 


1° an article published in 1912 on the 


2Graham: J. Exper. Med., 1912, xv, 307. 

3 Hicks. ‘On Recording the Foetal Movements by Means of a Gas- 
trograph,” Tr. Lond. Obst. Soc., 1880, xxii, 134. 

4Ahlfeld. ‘Lehrbuch der Geburtshilfe,” p. 63. Leipzig, 1903, 
Grunow. 


Hicks’s apparatus, of movements which he 
has designated as physiological intra-uterine 
respiratory movements. His reason for con- 
sidering them as such is based chiefly on the 
fact that they are periodically recurring, near- 
ly rhythmical, occurring about sixty to seven- 
ty times per minute, and that by means of his 
curves he claimed to have recognized a coin- 
cident rising of the thorax with a sinking of 
the abdominal region. He considers the 
extremity movements to be never shock- 
like but gliding in character, performed espe- 
cially when the foetus finds need to change to 
a more favorable position. The stretching 
movements are stated to be sometimes 
gradual and at other times jerky. Those 
which are designated as physiological con- 
tractions of the diaphragm give rise to shock- 
like sensations felt by the mother, and they 
are said to resemble hiccup. 

Although Ahlfeld has been one of the few 
who have introduced experimental methods 
into the study of this question, yet his work 
apparently has been done exclusively on the 
human subject, and hence under conditions 
which he could not control so accurately as 
if he had used animals. He seems not even 
to have made direct observations on animals 
to determine whether in the opened uterus it 
is possible to observe the rhythmical respira- 
tory movements going on in the foetus 
which he claims to have found by means of 
his curves. He does, however, record an 
instance of having observed in the case of a 


child born within the membranes five shallow 


respiratory movements before opening the 
membranes. But these occurred with inter- 
vening pauses of from one and one-half to 
two seconds and were not such as his curves 
would indicate. His conclusions, however, 
have been accepted by Ferroni,® who obtained 
similar curves from pregnant women. But 
Ducci,® who also obtained similar curves from 
the human subject, was unable to recognize 


5 “Osservazioni e richerche sui movimenti ritimici fetali intrauterini,” 
Ann. di Ostet. e Gin., 1899, xxi, p. 897. 


6 Cit. by Ahlfeld. 


1 Received for publication, May 5, 1914. 
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these movements in animals. Also, serious 
objections to Ahlfeld’s conclusions have been 
made by Runge! and Ohlshausen.? Runge 
conceded the possibility of respiratory move- 
ments i utero; but in two experiments with 
the opened uterus of pregnant sheep he failed 
to see rhythmical respiratory efforts. Respi- 
ratory movements occurred only after com- 
pression of the navel. Ohlshausen raised the 
point that the movements recorded by Ahl- 
feld were probably a transmission of aorta 
pulsations. In a later article Ahlfeld * replied 
by stating that in a former article he had 
shown that aorta pulsations had nothing to 
do with his curves. At any rate, beyond the 
attempt to explain this one kind of foetal 
movement, the existence of which he has 
not proven beyond criticism, Ahlfeld’s work 
does nothing to explain the underlying factors 
involved in the causation of the various kinds 
of foetal movements. 

The interpretation of the shocklike sensa- 
tions experienced by pregnant women on the 
basis of foetal hiccup, or physiological con- 
tractions of the diaphragm, seems to have 
originated with Mermann,‘ although he later 
withdrew this idea. Ahlfeld, however, and, 
more recently, Commandeur,* have concurred 
in this interpretation. 

The present study shows that any influence 
which produces a more or less severe asphyxia 
of the foetus induces active foetal movements. 
By the methods used it has been possible to 
determine that these movements, while chiefly 
respiratory in character, also frequently con- 
sist of movements of the head and extremities 
of such a sort that these could easily be re- 
sponsible for shocklike sensations felt by a 
pregnant woman. They were violent and 
jerky in character, produced sometimes by a 
forcible extension of the whole body, although 
more often they consisted merely of a sudden 
extension of the head with or without a simul- 
taneous opening of the mouth. Often they 
did resemble a hiccup, although it was im- 


1“Die Ursache der Lungenathmung des Neugeborenen,” Arch. f. 
Gynik., 1894, xlvi, 512. 

2 “Uber den ersten Schrei,” Berl. klin. Wchnschr., 1894, xxxi, 1079. 
_ 3“Kritische Besprechung einiger neueren Arbeiten geburtshiilf- 
licher Inhalts,” Ztschr. f£. Geburtsh. u. Gynik., 1895, xxxii, 150. 

4“ Klonischer Zwerchfellskrampf im Fétalleben,’’ Centralbl.f.Gyniak., 
1880, iv, p. 377- 


5 “Note sur les Mouvements Rythmés du Feetus,” Lyon méd., 1898, 
Ixxxviii, 429. 
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possible to determine whether or not the 
diaphragm actually contracted. Extremity 
movements occurred both as a part of a sud- 
den extension of the whole body as well as 
independently. They were sometimes dis- 
tinctly shocklike, particularly when involving 
the hind extremities, and at other times glid- 
ing in character. In one experiment, under 
the influence of CO, inhalation, the move- 
ments were so violent that the foetus nearly 
ruptured the membranes, and immediately 
after making a small slit in them it propelled 
itself out with a violent extension of the trunk 
and extremities. This occurred even before 
the liquor amnii had had time to escape; and, 
therefore, apparently the exposure of the 
skin to the air was not an important factor. 
In short, all of the various kinds of fetal 
movements described by Ahlfeld except the swal- 
lowing and sucking movements can arise out 
of the one underlying condition of asphyxia. 
But the observed respiratory movements 
were neither rapidly recurring nor rhyth- 
mical. Moreover, it has been found that 
these movements also follow the direct in- 
halation of carbon dioxide by the mother. 
The results, therefore, may perhaps be at- 
tributed to the effects of an increased H-ion 
concentration in the blood of the foetus; and 
probably of greatest importance usually is 
the H-ion which comes from carbonic acid. 
Foetal movements in general, therefore, are 
brought into relation with the known facts 
of the origin of respiratory movements in 
the adult, the convulsive movements of CO. 
poisoning, and the hyperpnoea and other mus- 
cular reflexes following the increased concen- 
trations of such acids as lactic acid, etc., in 
the blood. Roughly speaking, late in the 
pregnancy, the degree of asphyxia (i. e., the 
concentration of H-ion in the blood of the 
foetus), up to the point of paralysis of the 
nerve centers, determines whether the foetal 
movements are merely respiratory in nature 
or are more violent and associated with move- 
ments of the extremities as well. It was ob- 
served, however, that the movements were 
intensified if there was present the additional 
stimulus of exposure of the skin to the air. 
This fact has been recognized before. Runge ° 


6 Loc. cit. 
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showed experimentally that various reflexes 
other than respiratory movements occurred 
on irritation of the skin after opening the 
foetal membranes. Ahlfeld also noticed that 
in the case, previously cited, of the infant 
born in the unbroken membranes, deeper 
respirations occurred after opening the mem- 
branes than before. Ahlfeld’s contention that 
rhythmical respiratory movements take place 
in the foetus was not confirmed in the present 
study. But possibly the smallness of the 
experimental animals used (guinea pigs) pre- 
cluded the recognition of rapid superficial 
respiratory movements. 

It is an especially interesting fact that it is 
possible for the young to remain alive after 
birth even although they may have made 
many respiratory movements in ulero. This 
fact is shown very well in Experiment ro, and 
it seems to indicate that the liquor amnii 
does not enter the lungs. Why it does not 
enter is by no means clear. One would expect 
that if the respiratory passages were open the 
fluid would be forced into the lungs, even 
without respiratory movements, because of 
the tendency for the pressure to be equalized 
in all directions. It is possible that these 
passages are opened only as the result of the 
action of such a factor as the irritation of the 
skin by exposure to the air. 

All the experiments have been made with 
guinea pigs far advanced in pregnancy. The 
method adopted for direct observation of 
the foetal movements has been opening the 
uterus but leaving the membranes and placen- 
ta attachment undisturbed. The transpar- 
ency of the membranes allows an excellent 
view of the contained foetus. The possibility 
that cooling of the foetus, even in the enclosed 


membranes, was a more important factor - 


than the methods taken to produce a hyper- 
capnia was excluded by the fact that without 
opening the abdominal wall violent shocklike 
movements could be easily induced, both by 
direct inhalation of CO, by the mother and 
by occlusion of the mother’s trachea. 

The methods used to produce an asphyxia 
of the foetus have been: (1) ligation of uterine 
vessels, (2) occlusion of the trachea of the 
mother, (3) direct inhalation of CO. by the 
mother. In all the experiments which in- 


volved opening of the abdomen a light ether 
anesthesia was maintained throughout; and 
the animals were killed with ether at the close 
of the experiments without being allowed to 
regain consciousness. 

Protocols follow: 


LIGATION OF UTERINE VESSELS 


Experiment 1. A large pregnant guinea pig was 
lightly anesthetized with ether, and a medium 
laparotomy incision was made. The uterus con- 
taining three foetuses was delivered out of the abdo- 
men and clamps were applied to four branches of 
the uterine vessels occluding both artery and vein 
in each case. Within thirty seconds distinct move- 
ments could be made out within the uterus, which 
increased in violence and became associated also 
with uterine contractions during the next few 
seconds. At the end of one and one-half minutes the 
uterus and membranes were rapidly incised and the 
foetuses, which seemed to be near term, were exposed 
to view leaving the placental attachments intact. 
The movements were now seen to consist for the 
most part of what were apparently attempts at 
respiration. At irregular intervals, averaging five 
to ten seconds apart, the jaws were suddenly thrown 
open in a gasping manner, the head was sometimes 
violently extended on the neck, and often a sudden 
violent extension of one or more of the extremities 
occurred. After three and one-half minutes the 
movements had entirely ceased and the foetuses 
were considered dead. The mother was then killed 
with ether. Some of the movements noted in this 
experiment resembled hiccups. 

Experiment 2. Performed in practically the same 
manner as above. In this case the uterus contained 
only two foetuses. After exposing to view as in 
Experiment 1, it was noted that one at irregular in- 
tervals forcibly extended the whole body. The 
other showed essentially the same phenomena as 
already described in Experiment 1. 

Experiment 3. Performed in practically the same 
way as Experiments 1 and 2, except that after dis- 
covering that there were only two foetuses it was 
decided to investigate the relative differences pro- 
duced by occlusion of veins on one side and arteries 
on the other. The idea was that if the movements 
are an expression of an excessive CO, tension rather 
than a lack of oxygen, they should be more pro- 
nounced in that foetus on the side with the occluded 
veins. It was found to be rather difficult to ligate 
separately either the arteries or veins because of 
their small size, but finally three veins on one side 
and three arteries and a vein on the other side, all 
of about equal size, were ligated. One vein was 
ligated with the arteries to prevent hemorrhage, 
since it was torn during the separation and ligation 
of the arterial branch. The ligation of the vessels 
consumed about ten minutes’ time; and during the 
necessary manipulation rather active foetal move- 
ments were noted. The uterus was not opened 
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until after the ligation of the vessels. Because of 
the difficulty in establishing the conditions, it was 
impossible to compare with accuracy one foetus with 
the other. Nevertheless there seemed to be no 
doubt that occlusion of the veins alone produced 
much more violent movements than did the ligation 
of the arteries and one vein. This would seem to 
favor the idea that the movements are due to an 
increased CO, tension rather than to a diminished 
oxygen tension. 


OCCLUSION OF THE TRACHEA 

Experiment 4. As before, the abdomen was opened 
under light anesthesia and the uterus exposed to 
view. Only one foetus was found. Pressure on the 
trachea of the mother was exerted until violent 
dyspnoea and marked cyanosis occurred. During 
the development of the dyspnoea and cyanosis ac- 
tive movements of the foetus were seen similar to 
those which have already been described; and they 
increased in intensity with the increase in the moth- 
er’s cyanosis. Also it was interesting to note that 
the hitherto quiet intestines of the mother showed 
marked peristaltic waves after the cyanosis became 
severe and that the most active foetal movements 
occurred during the period in which the peristalsis 
was most violent. 

Experiment 5. In this experiment the uterus was 
neither delivered out of the abdomen nor opened; 
but it was allowed to remain in place. A good 
view of it was obtained by wide retraction of the 
abdominal wound. Two foetuses were found; and 
active shocklike movements of both followed the 
occlusion of the mother’s trachea. 


DIRECT INHALATION OF CO: 


Experiment 6. As before, the abdomen was opened 
under ether anesthesia and a uterus containing 
three foetuses, approximately at term, was disclosed. 
The uterus was opened, leaving the membranes 
intact, according to the method already described. 
A stream of CO, was then run from a tank into the 
ether inhaler and after twelve seconds active foetal 
movements began similar in nature to those already 
described. All three foetuses showed the phenomena 
about equally, but the movements usually were not 
simultaneous in all. As the cyanosis and dyspnoea 
of the mother increased the frequency and intensity 
of the foetal movements likewise increased. In this 
experiment there was noted an occasional rather 
slow movement of the extremities which resembled 
the gliding movements described by Ahlfeld. 

Experiment 7. Performed in a manner identical 
to Experiment 6, except that a stream of CO was 
run into the inhaler both before and after opening 
the uterus. The results under both sets of conditions 
agreed so closely that it was apparent that the meth- 
od involving the opening of the uterus was not in 
itself an important factor in the production of the 
foctal movements. In this experiment, also, the 
uterus contained three foetuses. 


ORIGIN AND NATURE OF FETAL MOVEMENTS 
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CONTROL EXPERIMENTS 


In order to determine the influence of the 
operative manipulation, including such factors 
as cooling, drying, etc., three experiments 
were performed in which no operative manip- 
ulation was done. 


Experiment 8. Under light ether anesthesia the 
trachea was occluded by pressure. With the onset 
of cyanosis and dyspnoea active jerky movements 
of the foetuses could be seen through the unopened 
abdominal wall. They agreed closely with those 
already described, although, of course, they could 
not be analyzed so accurately. They could be easily 
distinguished from peristaltic waves. 

Experiment 9. A repetition of the preceding ex- 
periment. The results obtained were essentially the 
same as those mentioned under Experiment 8. 

Experiment to. Active violent foetal movements 
were produced on four occasions during pregnancy 
by the direct inhalation of COs. The gas was ad- 
ministered at intervals of about four days apart. 
At each time it was given for a period of about ten 
minutes, without anesthesia or any other manipula- 
tion than merely fastening the pig to a board. Al- 
though no laparotomy was made, it was very easy 
to distinguish the violent jerky movements of the 
foetuses in various parts of the abdomen; so that 
there seemed to be no doubt that the whole litter 
was equally affected. Within twelve hours after the 
last inhalation of COs a litter of four pigs was born 
during the night. When found in the morning one 
pig was dead, but the other three were active and 
normal in every respect. The room was very cold 
during the night; and it is possible that the death of 
one of the pigs was largely due to exposure. This 
experiment shows the interesting fact that it is 
possible for a healthy litter to be born within a 
few hours after inducing violent respiratory move- 
ments in utero. It is clear, then, that the amount of 
fluid aspirated into the lungs by a foetus undergoing 
respiratory movements is negligible. Otherwise 
these pigs could not have breathed normally and 
lived after birth. 

Experiment 11. This experiment was performed 
to determine whether the factor of breathing chilled 
air was important in the experiments in which in- 
halation of COs. was used, since it is well known 
that a stream of CO, will produce a marked lowering 
of temperature. Violent foetal movements were 
produced by causing a pregnant guinea pig to inhale 
CO; and the temperature of the inhaler into which 
the gas was passing was noted at 21°C. The pig was 
then allowed to breathe air at atemperature of 12°C. 
for the same length of time, but no foetal movements 
occurred. 

SUMMARY 

Asphyxia of the foetus of sufficient grade 
will result in the production of foetal move- 
ments, more or less severe. The movements 
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thus produced vary from mere attempts at 
respiration, sometimes resembling the foetal 
hiccup of Mermann, to more general muscular 
contractions, simulating the general convul- 
sions of CO, poisoning seen in the adult. At 
times these are sufficiently violent to be seen 
through the abdominal wall as distinct shocks. 
All of the generally recognized varieties of 
foetal movements, except those concerned 
with swallowing and sucking, have been pro- 
duced experimentally by methods which in- 
duced an asphyxia of the foetus. The intra- 
uterine respiratory efforts are not accom- 
panied by an aspiration of any appreciable 
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quantity of fluid into the lungs and hence are 
not incompatible with life after birth. The 
explanation of this is not clear, but probably 
the contact of the skin with the air is an im- 
portant factor in opening up the respiratory 
passages. The hypothetical intra-uterine 
rhythmical respiratory movements of Ahlfeld 
(physiologische intra-uterine Athmungsbewe- 
gungen) were not observed. The suggestion 
is made that the various active movements of 
the foetus experienced by many pregnant 
women in the latter part of pregnancy are 
expressions of a more or less severe, but usual- 
ly transient, asphyxia of the foetus. 
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ric, and surgical importance that the 

general practitioner, as well as_ the 

specialist, give the most careful study 
to the predisposition to, etiology, and be- 
havior of the infections of the ‘‘nursing”’ 
breast, in order that they may the more 
carefully carry out both ante-partem, and 
post-partem prophylaxis, as well as intelli- 
gently and promptly institute the necessary 
radical surgical measures when unavoidable 
infections do occur, and thereby avoid those 
changes in the milk-secreting acini, ducts, 
and intra-acinous connective tissue and 


| T is of the very greatest obstetric, pediat- 


stroma, which not only may inhibit the. 


lactations function and jeopardize the life 
of the present and indeed successive infants, 
but which also may jeopardize that of the 
mother, from sepsis, as well as perhaps later 
predispose the breast to malignant growths. 
The human mamme lie normally between 
the third and sixth or seventh ribs and 
between the parasternal and anterior axillary 
lines bilaterally and are very highly organ- 
ized, interfascial, rete malpighian glands 
belonging to the sebaceous type, which have 


1 Read before the Chicago Gynecological Society, April 17, 1914. 


attained the dignity of milk-secreting, race- 
mose glands composed of radiating, grape- 
bunch-like ducts and peripheral acini, sepa- 
rated from each other by a (fat-holding) 
interacinous connective-tissue stroma, in 
which lie the nutrient blood-vessels, lymphat- 
ics, and nerves of the milk acini. 

Under the stimulation of pregnancy these 
glands gradually undergo increased stroma 
loosening, vascularity, lymphatic develop- 
ment, and hypertrophy, and hyperplasia of, 
and colostrum secretion by the acini-cells, 
in order after labor to actively secrete milk 
if nursed, to still sustain the child (parasit- 
ically) for a period of time, about equal to 
that which the child was carried in ulero, 
when they again undergo involution, though 
never entirely to their nulliparous condition. 

The terminal (peripherally situated) active 
acini are lined by a single layer of large, 
round, or cubical milk-secreting epithelial 
cells, while leading from these terminal acini 
are fine ducts lined by a cylindrical epitheli- 
um, debouching (proximally) into the fifteen 
or twenty main ducti galactiferi, which widen 
in a sinus-like manner just before opening 


(See discussion, Pe 423.) 
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on the surface of the centrally situated nipple, 
surrounded by its pigmented areola, with its 
five to fifteen Montgomery’s, and many 
ordinary sebaceous and sweat glands. 

Inflammations during nursing in the mam- 
mary gland region may be primarily: 

(a) Supra-mammary, by infection gaining 
access through some superficial skin abrasion 
over any part of the breast outside of the 
nipple region, or 

(b) True mammary lactations infections, 
which are either primarily endoductal and 
intra-acinous from bacteria deposited on or 
resident in the nipple skin, without or with 
nipple abrasions or fissures, or, indeed, from 
bacteria gaining access to or already resident 
in the milk-ducts themselves (just as occurs 
so frequently in the ducts of the lower grade 
sebaceous glands in other regions) ; or primari- 
ly extra-acinous from the infected nipple atria 
via the radiating interductal and interacinous 
stroma lymphatics. 

(c) By contiguity; e.g., from a primary 
infection in the axillary glands extending to 
the mammary gland periphery or a vertebral 
(contouring along the rib) or subjacent pri- 
mary rib or sternum (often tubercular) ; osteo- 
myelitis or empyema necessitatis also direct 
retro-mammary infection when giving salt 
solutions under the breasts. 

(d) Hematogenous; e. g., in mumps, crypto- 
genetic, metastatic, or pyxmic. (Those 
occasional spontaneous breast disturbances 
in the new-born as demonstrated by Koelliker, 
and the cases of real mastitis neonatorum, for- 
merly so common, due to the traumata of 
squeezing for witch’s milk by poorly instruct- 
ed nurses and midwives, which happily occur 
much less frequently to-day, also the cases of 
furunculosis and supra- and true mammary 
infections both during the developmental 
activity and irritation of puberty, or during 
menstruation or pregnancy, or in diabetics 
(Cameron), perhaps likewise often from con- 
tact infection or trauma as occasionally seen 
in factory workers, who lean on benches or 
work tools, and erysipelas do not come within 
the scope of this paper. ) 

The ‘“‘nursing”’ breast, subjected as it is to 
the hyperemia of suction and to the traumata 
of the child’s mouth, is very liable to the pos- 
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sible occurrence, and contact infection of, 
abrasions or fissures, especially common at 
the apex and base of the nipple, often percep- 
tible to the naked eye and even bleeding. 

These very dangerous abrasions most com- 
monly occur in the unprepared nipple-skin 
of primipare, and indeed occasionally if less 
often also in multipare in the first few days 
or weeks of nursing, possibly consequent on 
little subepidermal traumatic hemorrhages 
being followed by excoriations, or the constant 
wetting and “imperfect”? drying giving rise 
to a rhagadous eczema. 

These nipple lesions are also, however, 
very frequently so minute and invisible as 
to cause no suspicion of their presence in the 
early stages, except perhaps for some slight 
smarting pain at the beginning of each 
nursing, and even this pain frequently lessens 
or even disappears within a few minutes after 
the often apparently healthy nipple becomes 
‘“‘warmed up,” as it were—thereby giving 
undue popularity to the term “simple stag- 
nation mastitis”? as used by von Angerer and 
others; for stagnation of milk as the only 
cause is refuted by the rarity of breast abscess 
in non-nursing primipare and multipare. 
Neither does the occurrence of an abscess as 
reported by Williams in an unpredisposed 
multipara who had already nursed five chil- 
dren without infection, butin theeighth month 
of the sixth pregnancy suddenly develops a 
mammary abscess, prove the absolute ab- 
sence of contact infection or trauma or 
both. 

In consequence of this lessening or disap- 
pearance of pain, even the mother considers 
it a natural accompaniment to nursing and 
unless specially questioned does not complain, 
till the stagnant milk in the insufficiently 
emptied sini lactei (due to the pain and acute 
paraductal congestion and infiltration) in- 
vites endoductal infection, either by the 
bacteria in the skin or on the nipple abrasions, 
or indeed those gaining access to or already 
resident in the ducts themselves. 

Staphylococci (albus) were found in 80 to 
94 per cent of all breasts; they played a 
harmless role in the milk-ducts in health, 
but became pathogenic under the change of 
conditions caused by milk stagnation or 
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paraductal congestion (Williams, 
Hoenigmann, Koestlin). 

The writer would suggest the possible lack 
of breast-duct resistance to this (oft present) 
coccus in some primipare who apparently 
develop infection almost immediately the 
child is placed at the breast, much the same as 
often occurs in cases of stubborn furunculosis 
in other parts of the body, which occasionally 
have their origin in the hyperemia caused 
simply by a brisk rubbing of the skin, and the 
protracted course of which often subsides 
only after the use of autovaccines. 

Endoductitis, and ductitis mamme probably 
vary widely in their behavior and sequele 
according to their extent and severity; e. g., 
if very mild it may probably only cause 
some slight (large) duct epithelial irritation. 
In more protracted and acute cases the 
infection may reach the finer ducts or even 
the acini and the infection and infiltration 
invade secondarily the intra-acinous loculi 
septa. 

The study of microscopic sections convinces 
the most skeptical of the undoubted occur- 
tence of a primary endoductal infection and 
primary endo-acinitis, by the marked involve- 
ment of the intra-acinous septa and the often 
entire non-involvement of the interacinous 
stroma. 

On the same slide, side by side, one may 
find perfectly healthy acini with clear-cut 
cubical milk-secreting cells; and other acini 
with apparently an increase of cells, which 
stain much less sharply, while the intra- 
acinous septa between the infected acini- 
loculi are thickened and small-cell infiltrated; 
and again others in which the intra-acinous 
septa are so markedly small-cell infiltrated 
and thickened that the acini-loculi are diffi- 
cult to discern indeed under the low power; 
the acini have almost the appearance of a 
mass of small infiltrating cells only, while the 
main (interacinous) gland stroma itself is 
often entirely uninvolved, except for some 
spots of periductal infiltration here and there. 

If resolution of the intra-acinous infection 
should now occur, it is very possible that the 
intra-acinous connective-tissue septa indura- 
tion and thickening might give rise to a 
circumscribed or diffuse “‘interstitial acinitis”’ 


Bumm, 
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as noted by Mintz, with atrophy of the milk- 
secreting acini and entire loss of their milk- 
secreting function, or if the acini epithelium 
be markedly multiplied to the mastitis chroni- 
ca cystica (Koenig) or “maladie cystique de 
la mammelle of Reclus,’’ said to be most com- 
mon in the non-nursing-para, or in the ad- 
vanced stages even to that varied combina- 
tion of changes which result in the so-called 
adenofibroma, which has been paraded under 
such a multiplicity of names, because of the 
preponderance of new-growth being in one 
case in the ducts and another in the acini 
epithelium and still another in the sarcoma 
like multiplication of the connective tissue. 

It is also very simple to understand that 
in other cases where the infection had only 
slightly, or indeed not reached the acini, that 
there may occur, either due to the predom- 
inating paraductal connective-tissue indura- 
tions thickening and duct distortion, or fol- 
lowing an actual loss of duct epithelium with 
ulceration in the ducts, a duct stricture or 
even atresia with the formation of the rare 
retention cysts or galactocele with their oily 
or butter-like contents. 

In contra-distinction to the foregoing, an 
infection of the (open) nipple abrasions and 
fissures may be followed by a primary radiat- 
ing lymphangitis and primary small-celled 
infiltration of the interacinous connective- 
tissue or main gland stroma and only, if 
severe or long continued, some secondary 
effect on the acini and duct epithelium, indeed 
von Angerer believes lymphangitis the most 
frequent. 

The end-result in severe breast infection, 
whether beginning as a ductitis, probably 
most often staphylococcic, or whether be- 
ginning as a lymphangitis, probably most 
often streptococcic, is often abscess. 

Williams, quoting Rubeska, mentions the 
staphylococcus, either aureus or albus or both, 
as present in fifteen (9334 per cent), and strep- 
tococcus once (614 per cent), in sixteen cases 
of breast abscess, and also says that Sarfert 
demonstrated the gonococcus in one case. 

If there be a parental or nurse gonorrhoea 
present, even though there be no gonorrhceal 
ophthalmia or stomatitis neonatorum, the 
contamination of the nipple with gonorrhceal 
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with its predilection to 
epithelium-lined ducts, 


infection, 
cylindrical 
easily occur in the breast and indeed also 
prepare the soil for mixed infections. 

The writer has also repeatedly noted the 


concomitance of abscess in the mother’s 
breast and thrush stomatitis of the nursing 
infant. 

From clinical observation there are also 
cases of apparently synchronous ductitis and 
lymphangitis. 

Of the mammary abscesses, 15 per cent are 
in the non-pregnant, 5 per cent in pregnancy, 
and 79 per cent in the nursing woman (Bill- 
roth), and of these latter, 67 per cent are 
nursing primipare. They vary so extremely 
in site and behavior that they demand a 
special description. 

(a) The supramammary abscess is really 
an intersuperficial fascial abscess; i. e., it is 
situated in the connective tissue and fat 
between the superficial-superficial and the 
reflected deep-superficial fascia. These 
superticial abscesses do not involve the gland 
substance unless neglected, when they may 
rupture deeply through the deep layer of 
superficial fascia into the para-acinous ccn- 
nective tissue or infection of this latter occur 
via the paravenous lymphatics or septa and 
give rise secondarily to a true mammary 
abscess; usually. however, the supramammary 
abscess allows of easy and early recognition, 
and also, due to its early tendency “to point”’ 
and fluctuate, is incised promptly. 

(b) The true mammary abscess, whether 
primarily from duct or primarily from lym- 
phatic infection or both, should include the 
nipple, paraductal (areola), and para-acinous 
abscesses. The foci of suppuration are often 
multiple, later becoming confluent, forming 
one large abscess. It usually involves one 
section of the breast, most often in the ex- 
ternal aspect. 

In one multipara (seven months after labor) 
with large bilateral abscesses operated by the 
writer at the Presbyterian Hospital, the 
abscess of the right breast was on the axillary 
aspect, and that of the left breast on the stern- 
al aspect; possibly due to the irregularity of 
the eruption of the child’s teeth causing the 
abrasions. 
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The increased looseness of the stroma in 
the nursing breast makes small-celled infiltra- 
tion less capable of walling in and limiting 
the abscess area, consequently these lacta- 
tions abscesses dissect with increased ease 
both peripherally and proximally, and super- 
ficially, and deeply in the para-acinous con- 
nective tissue, and easily become confluent, 
and often of large size. 

The adjacent milk-secreting acini over a 
more or less wide area may undergo necrosis, 
or with the ducts be laid bare, and pus rupture 
into them and be in part discharged on the 
nipple; though it should be always borne in 
mind that this pus is not always from an 
abscess, but may have its origin in the ducts 
themselves. probably leading to the erroneous 
impression of Kaarsberg that he cured 
mammary abscesses by milking the infected 
breast. 

The axillary sub- and supraclavicular 
glands are usually also metastatically enlarged 
and tender, and in neglected cases may sup- 
purate and rupture with multiple axillary 


fistula. Also that gland suppuration can 
follow nipple infection, even though no 


mammary abscess occur, should always be 
thought of as a possibility. 

The depth of the true mammary abscess 
focus in the interacinous tissue also varies. 
In one case it is comparatively superticial, 
giving rise to an early superficial tumefaction, 
redness, and fluctuation, by the infection pass- 
ing upwards via the paravenous lymphatics or 
septa or rupture through the reflected super- 
ficial fascia to the skin with pointing, and if 
neglected perhaps rupture externally. 

In other cases the original pus focus is so 
deeply situated in the para-acinous connective 
tissue that, while there may be some slight 
increased local temperature and pain and even 
some appreciable hardness in a part of the 
breast, there is, at least at first, no apparent 
tumefaction, or even redness, and palpation 
elicits no fluctuation. 

In these cases a chill followed by a temper- 
ature of 103° or 104° F. and very frequent 
pulse, with high leucocytosis, early in the 
puerperium may so uncomfortably simulate 
puerperal sepsis, especially if there be some 
tenderness to pressure over the hypogastrium, 
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Fig. 1. Schema of supramammary abscess, showing 
anatomic site above the deep layer of reflected superficial 


fascia. The mammary gland is not involved. 
Fig. 2. Schema to demonstrate endoductitis, ductitis, 


and primary acinitis mamme; with abscess foci (a) break- 
ing superficially and (b) breaking retromammary. 


as to cause neglect to examine the breast 
carefully. 

This unfortunate neglect to diagnose and 
early incise radially the deep mammary 
abscess may result in deep paravenous metas- 
tasis or deep rupture through into the loose 
retromammary para-connective tissue, when 
the mammary gland as a whole usually be- 
comes more prominent on the thorax, being 
raised by the retromammary pus, which may 
become very large in amount, especially 
when containing (as the writer not infrequent- 
ly experienced in cases entering Cook County 
Hospital) gas-containing pus, probably due 
to colon bacilli. 

The pointing of these retromammary ab- 
scesses often occurs late and usually at some 
dependent part, frequently the lower aspect 
of the breast periphery, but naturally should 
under no circumstances be waited for. 

The ¢reatment, especially of primipare 
prophylactically during pregnancy, includes 
very thorough daily soaping of the nipple and 
breast with green soap to soften the often 
extremely thick, dirty, bacteria-holding, duct 
meatus obstructing, horny layer of nipple 
epithelium, the very thickness alone of which 
hinders the free flow of milk and will later 
cause cracks—if they occur—to gape, and so 
interfere with the healing process. 
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A wet boro-salicylic dressing occasionally 
at night, in which the impervious covering 
extends at least one and one-half inches 
beyond the wet dressing all around, aids 
materially in the softening and cleansing 
process. 

(Alcohol to harden the nipple should be 
used sparingly, if at all: it dries and hardens 
the horny layer too much.) 

The nipple should also be well pulled out 
nightly by the patient herself after the fifth 
month of pregnancy, using gradually more and 
more force in the pinching and pulling, and 
so prepare it, the ducts, and the breast for 
the traumata of nursing, as well as thereby 
improve their strength and circulation. 

The post-partem prophylaxis is regular 
interval nursing for a consistent length of 
time only, followed by “immediate” washing 
off with watery boric solution or other anti- 
septic, and thorough drying and_ covering 
with an aseptic pad and keeping warm. 

The routine antiseptic care of the child’s 
mouth is also very essential. 

The beginning of pain or smarting imme- 
diately when placing the baby to the breast, 
or the application of the alcohol test, should 
be followed at once by the application of wet 
antiseptic dressings, to be rewet every two 
hours, and the nursing be conducted through 
an aseptic shield. 

The removal of the child entirely is neces- 
sary if the condition does not respond to 
treatment or if there be other signs of abscess 
formation, and one or more early long radial 
incisions according to the number of foci in 
the affected breast with the evacuation of the 
pus, curetting and iodization, and iodoform 
gauze packing or “pinned” drainage tube 
inserted. In one recurrent case Dr. N. Sproat 
Heaney actually discovered a healed-in drain- 
age tube. 

If the finger (inserted in the wound) passes 
into the retromammary space, a pair of forceps 
should at once be inserted behind the breast 
and a dependent transverse incision and drain- 
age made at the lower periphery. 

The absence of this latter (often extremely 
necessary) precaution accounts for many of 
the very protracted cases with the formation 
of multiple pus and often also milk-discharg- 
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Drawing from microscopic section of ductitis 


Fig. 2d. 
and acinous mastitis: (a) Healthy acinus. (b) (b) Acini 
with small cell infiltration of the acini-lobuli septa znd 
immediate para-acinous tissue. (c) Cylindric cell-lined 
duct surrounded by small-cells. (d) The main stroma is 
uninvolved and healthy everywhere even between the 
affected acini (b) (b). 


ing fistulae, and often almost total breast 
destruction, with burrowing under the pec- 
torals, perhaps involving the ribs, and into 
the axilla or even under the latissimus dorsi, 
demanding dependent drainage in the poste- 
rior axillary line with or without removal of 
the axillary glands. 
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‘ig. 4. 


Fig. 3. Schema of radiating lymphangitis mamma in 
which the acini are uninvolved except at the two abscess 
sites; viz., (a) superficial mammary abscess breaking super- 
ficially; (b) deep abscess breaking retromammary only. 

Fig. 4. Schema of primary retromammary abscess with 
crowding up of the as vet unaffected breast acini. 


Besides the local infection, indeed, septi- 
cemia or pywmia may result with lethal 
issue in neglected cases. 

Recovery of extensive loss of breast tissue 
is by granulation tissue. the resultant scar 
often together with the surrounding indura- 
tion and indeed possibly deposit of lime salts 
may simulate or later be the site of origin of 
mammary carcinoma, thereby justifying the 
proposal to amputate the breast after the 
healing has occurred in cases of panmastitis. 
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SURGERY, GYNECOLOGY AND OBSTETRICS 


OF PEPTIC ULCER 


Report OF Four CaAsEs! 


By J. RUSSELL VERBRYCKE, Jr., M. D., Wasutncton, D. C. 


Instructor in Gastro-Enterology in Medical Department of Georgetown University 


N ulcer of the stomach or duodenum 
may perforate in several ways. There 
may be typical acute perforation, with 
characteristic symptoms of sudden 

agonizing pain followed by boardlike rigidity, 
peritonitis, and death if operation is not per- 
formed within a few hours. This condition 
is most apt to occur with ulcer of the anterior 
surface of the stomach. 

There may be also subacute perforation 
with formation of an abscess cavity sur- 
rounded by adhesions. This occurs most 
frequently with ulcer of the posterior surface 
of the stomach or of the duodenum. 

There may also occur what has been 
variously termed pinhole perforation, occult 
perforation, or penetrating ulcer, in which 
the ulcerative process has extended through 
all of the coats of the stomach but in which 
perigastric adhesions have occurred so quickly 
and firmly as to at once plug up the opening 
which is usually small. 

This includes the main classes of perforated 
ulcer, though there are various other results 
which may ensue from these conditions after 
a variable length of time, as burrowing of an 
abscess, subphrenic abscess, perforation into 
another organ, subcutaneous emphysema, 
Ct. 

I report four cases of non-acute perforation 
which are of interest for several reasons. 
Three of these patients were seen within a 
period of three weeks. Two were of 
occult perforation type and two were typical 
chronic perforations. By the term chronic 
perforation we mean the condition which ob- 
tains when an ulcer perforates acutely but in 
which death does not occur, though operation 
is not performed at once, and in which the 
perforation still exists unhealed. 

Diagnosis was correctly made in three 
patients before operation and in two before 
the radiographic examination. The radio- 
graph showed bismuth in a cavity outside of 


1 Read before the Medical Society of the 


the - 


the stomach in but one of the three cases 
submitted to X-ray examination. 

All four patients recovered. It is most 
unusual for any four consecutive cases of 
perforation to recover without immediate 
operative intervention. Riegel? says: “As a 
rule, perforation, with the passage of gas and 
stomach contents into the peritoneal cavity, 
leads to death in a short time. Occasionally, 
however, perforation seems to heal even though 
symptoms are exceedingly violent in the begin- 
ning. Such acure, however, is rare and is seen 
only if perforation occurs when the stomach is 
empty. I saw a case of this kind some time 
ago. The patient developed all symptoms of 
perforation into the free abdominal cavity. 
Hepatic and splenic dullness disappeared and 
there were severe meteorism, collapse, and 
other symptoms. The patient recovered 
completely. 

‘Hall has gathered six other cases of a sim- 
ilar character from the literature and had 
one case.” 

The histories of my patients will be pre- 
sented in their chronological order. 


CasE 1. Mr. W. T. G. was seen July 11. 1912, 
at 10 A. M. He had a history of digestive disturb- 
ance extending over a considerable number of vears, 
consisting of pain coming on four hours after meals 
and relieved by eating. He had been seized on 
rising in the morning with severe abdominal cramps, 
starting in the epigastrium and spreading over the 
whole abdomen, followed by vomiting. His tem- 
perature was normal and the pulse was 80 and of 
good quality. There was moderate rigidity and 
general tenderness not localized to any one point. 

A perforated ulcer was at once thought of, but 
because of his good general condition and absence 
of much shock, the possibility of simple enterospasm 
was considered and he was given morphine, one- 
fourth grain, repeated in twenty-five minutes, 
partly to relieve the intense pain and partly asa 
diagnostic measure, since it can be said that any 
abdominal cramps which are not relieved by one- 
half grain of morphine have an organic cause, usu- 
ally surgical, and are not due to simple enterospasm. 

2 Nothnagel, p. 504. 


District of Columbia, March 25, 1914. 
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Case 2. Perforation of gastric ulcer. Note A, 


Fig. 1. 
Spot of bismuth above lesser curvature cavity of the per- 
foration in gastrohepatic omentum. B, Partial hour-glass 


contraction. 
and pylorus. 


Note complete left-sided position of stomach 


Two hours later the patient was again seen and 
was no better. The cramps and vomiting con- 
tinued, the abdomen was quite rigid, pulse was go 
though the temperature was normal, and the face 
was pale and covered with profuse perspiration. 
His leucocyte count was 21,000 with about 90 per 
cent polymorphonuclears. 

A positive diagnosis of perforated duodenal ulcer 
was made and concurred in by Dr. C. S. White. 
He was at once moved to the hospital for operation 
but another leucocyte count, immediately after 
admission, showed no increase and, as his symptoms 
appeared slightly less marked, it was thought to 
be a pin hole perforation which was becoming auto- 
matically sealed up by adhesions. It was therefore 
decided to postpone operation and have blood- 
counts made every hour. 

The patient improved and was put upon medical 
treatment for ulcer which was shown by occult blood 
and other tests to be present. After a month’s 
treatment he was apparently well and has had no 
recurrence. 

This is the only patient in the series in whom 
diagnosis was not proven by radiograph or opera- 
tion, but there can be little doubt as to the cor- 
rectness of the diagnosis. 

CasE 2. Mr. G. E. W., age 55, was referred to me 
by Dr. Robert Trimble, December 26, 1913, com- 
plaining of pain on the left side of the epigastrium 
running downward, a pain as if the intestine were 
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Fig. 2. Case 3. Chronic perforation of duodenal ulcer 
with abscess formation. A, A, A, area of non-filling and 
irregular filling due to distortion by dense adhesions. The 
perforation does not show, but under fluoroscopic examina 
tion all this part was immovable and there was enlarge 
ment of liver from congestion. Diagnosis made before 
operation. 


being pulled on. In addition to this pain under 
the costal border, he had a hunger pain in the mid- 
epigastrium, before meals and often at night, and 
this pain was always relieved by vomiting. There 
were, in addition, acid waterbrash, bloating, etc. 
These symptoms were of four years’ duration and 
during that time he had lost seventy pounds. The 
patient was a very ill-looking man with almost a 
cachectic appearance. He had a marked myocarditis, 
the apex beat being in the eighth interspace, nipple 
line, of wavelike character and intermitting badly. 

The abdomen was scaphoid with irritable recti. 
The splashing sound was confined to the left side of 
the abdomen, not even extending to the midline. 
There was a point of tenderness in the mid-epigas- 
trium and another very markedly tender spot in 
the left hypochondrium just below the border of the 
ribs. There was a feeling of an indefinite mass in 
the upper epigastrium. 

The test breakfast was not given, but examination 
of the vomitus showed free HCI 36 and total acidity 
460 and there was one particle of food taken twelve 
hours before. Occult blood was faint in both 
stomach contents and the stool. 

A diagnosis was made of ulcer of the stomach 
and he was put to bed, but pain and vomiting per 
sisted so that it was necessary to radiograph him 
several days later. Radiographic examination by 
Dr. A. C. Christie showed that the stomach was 
fixed in position and entirely on the left side of the 
abdomen. There was a partial hour-glass contrac- 
tion with a spot of bismuth above the stomach, 
separated from it, fixed in position, and constant in 
all pictures and under the fluoroscope, which showed 
that this point exactly corresponded to the tender 
point (Fig. 1). Diagnosis was made of ulcer of the 
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Hour-glass stomach with occult perfora- 
\, position of ulcer and perforation 
B, complete hour-glass contraction. 


Fig. 3. Case 4. 
tion of gastric ulcer. 
which does not show. 


lesser curvature with hour-glass contraction and 
chronic perforation. 

Close questioning brought out the fact that two 
months previously while at his office he was sud- 
denly thrown to the floor with violent abdominal 
pain and became hysterical. Six men held him down 
and chloroform was administered to quiet him. He 
was thought to have pure hysteria and the next day 
was able to return to his office but this was undoubt- 
edly the time of the perforation. 

Operation by Dr. C. S. White disclosed indurated 
ulcer on the lesser curvature, the size of an egg with 
an hour-glass contraction and perforation into the 
gastrohepatic omentum. Adhesions were so dense 
that they were not disturbed and it was impossible 
to do anything other than a gastro-enterostomy. 
high up above the contraction. The patient made 
an uneventful recovery and has gained wonderfully 
since the operation. 

Case 3. Mr. A. F.. a clerk, age 21. consulted me 
December 26, 1913. His health had been good all 
his life until two months before, when he began to 
have pain, starting two hours after meals. He had 
often wakened at night with it. 

On December 17th, while at work, he was sud- 
denly seized with vomiting and abdominal cramps, 
so severe that he could not move. He was taken to 
the Emergency Hospital and after two days moved 
to his home. He had improved somewhat from that 
time but had constant soreness in the right hypo- 
chondrium and tenderness over the liver He had 
lost weight rapidly. 


The 
abdomen was scaphoid with recti tense and _ irri- 
table. There was a point of decided tenderness under 
the border of the ribs on the right side. in the region 


At the time that I saw him he appeared ill. 


of the gall-bladder. There also seemed to be some 
tenderness all over the region of the liver. There 
was no occult blood in the faces or stomach con- 
tents which showed free acid 74 and total acidity 
88. Leucocyte count was 13,300. 

A perforated duodenal ulcer was the first diag- 
nosis, but it was then thought that he had chole- 
cystitis because of the location of the tenderness, the 
leucocytosis, and the absence of occult blood. 

He improved to a certain point and even returned 
to work one day, but then lost ground and on January 
5, 1914, three weeks after the acute onset, I returned 
to my first diagnosis of chronic perforation and sub- 
mitted him to Dr. Christie for radiographic exam- 
ination. 

The stomach in this case, also, was found to occupy 
a decided left-sided position and was fixed. The 
liver was seen to be considerably enlarged and 
congested. While the perforation did not show, 
there was noted a marked defect and irregular 
filling of the whole pyloric antrum and first part of 
the duodenum (Fig. 2). 

Operation, the next morning. by Dr. White. 
revealed a mass of dense adhesions between the 
gall-bladder, pylorus, duodenum, and lower border 
of the liver enclosing a large abscess due to perfora- 
tion of a duodenal ulcer. A gastro-enterostomy was 
performed and the abesess cavity drained. For a 
time he was very septic from the large amount of 
pus which formed, but he quickly and apparently 
perfectly recovered. 

Case 4. Mrs. A. O., age 36, was referred to me 
December 11, 1913, by Dr. Leon Martel. She had 
been troubled with her stomach for twelve years, 
her chief symptoms being gas in the stomach and 
bowels with attacks of headache and vomiting. 
She had attacks of vomiting lasting several days 
but usually the attack seemed migrainous in char- 
acter, the vomiting relieving the headache. She had 
occasional pain but with no regularity and not 
colicky or cramplike in character. 

On examination she was found to be fairly well 
built and healthy looking. Examination was 
negative except for the following points: The right 
kidney was palpable about two inches below the 
costal border and slightly tender. The abdomen was 
wel! formed with normal! recti. Splashing sound was 
obtained over the upper half of the epigastrium 
only. There was slight tenderness over the whole 
epigastrium and down the right side to the cacum 
which appeared thickened and was plainly palpable. 
A well localized and very tender spot was found on 
the left side in the nipple line two inches above the 
level of the navel. 

The urine contained a very faint trace of albumin, 
hyaline casts, and a faint excess of indican. There 
was no occult blood in the stool. One hour after a 
test breakfast only five ccm. of thick contents were 
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obtained with a considerable excess of mucus and 


free HCl 40 and total acidity 5o. 

Ulcer was considered but ruled out because of the 
absence of occult blood, the character of the stom- 
ach contents, and the absence of any very positive 
symptoms or signs. Diagnosis was made of chronic 
constipation with acid gastric catarrh, migraine, 
and nephroptosis. 

She was put on treatment and daily lavage in- 
stituted. There was a quantity of mucus and 
considerabie food retention found at each washing. 
She improved subjectively ai once and had no more 
headache or vomiting, but at each lavage there was 
just as much retention as at first so that it was 
evident that she had some obstruction, though 
the rice and raisin test was negative, so radiographic 
examination was made January 2, 1914 (Fig. 3). 
There was revealed an almost complete hour-glass 
stomach with an ulcer on the lesser curvature which 
was so indurated that its outlines could be seen in 
some of the plates. 

Operation was advised and in view of the location 
of the ulcer, high on the lesser curvature, it| was 
determined if possible to excise the ulcer. The 
operation was performed January 19, 1914, by Dr. 
Martel, and revealed findings exactly as indicated 
by the radiograph. There were dense adhesions 
about the site of the ulcer and as these were sep- 
arated, a perforation was disclosed, nearly large 
enough to admit the tip of the little finger, but which 
had been firmly sealed up. A considerable part of 
the ulcer was posterior to this opening, a saddle 
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ulcer. An incision about two inches long was made 
along the lesser curvature, then extended backward 
and the ulcer excised and stomach closed. A gastro- 
gastrostomy was then done, but it was feared that 
this might not give enough of an opening, so nearly 
the whole of the anterior surface of the stomach was 
divided and reunited so as to give a clearance of a 
couple of inches. 

The patient made a beautiful and uneventful 
recovery, without any evidence of shock, in spite of 
the magnitude of the work done on her stomach. 
She has not been completely relieved of her symp- 
toms yet, and a radiograph made March 9, tor4, 
showed there was a spastic contraction at the site 
of the old constriction. Under the fluoroscope 
this spasm was seen to relax at times. It has not 
been decided as yet whether the spasm is due to a 
recurrence of the ulcer or not but there is no occult 
blood to indicate such a condition. She has been 
put on a cream diet with atropine, and if this is not 
productive of good results it may be necessary at 
some future time to do a gastro-enterostomy high 
up above the constriction. 

Chronic perforation, the type of termina- 
tion of ulcer represented by these four 
patients, is so very rare that it has been 
thought advisable to place their histories on 
record'. 

'Since writing this report | have had a fifth case of chronic perforation 


It would seem that the condition is more common than his been supposed 
or that T have had a most unusual experience 
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HERNIOTOMIES 


By KELLOGG SPEED, M. D., Cuicaco 


OME time ago E. W. Andrews in 
demonstrating his imbrication opera- 
tion for hernia suggested that the 
inguinal lipomata found so often in 

connection with hernial sacs, or as the lone 
cause of inguinal bulgings, were of importance 
as a causative factor of hernia primarily and 
if not removed were a factor in recurrence. 
This fact he had noted before in his article on 
hernia in the American Textbook of Surgery, 
but not emphatically, and the literature has 
scant reference to the rdle of lipomata in 
hernia. It was considered of enough impor- 
tance to warrant the collection of statistical 
observations looking toward determination 
of the frequency of these fatty masses, their 


relative size and position, and this article 
desires to call attention to their presence and 
advise their removal in all inguinal herniw by 
ligation as high up as the sac is cut off. 

If left behind, even in transplantation of 
the cord, regardless of the type of operation 
used to cure the hernia, they tend to cause a 
bulging of the inguinal canal; and as a part 
of the properitoneal fat, being attached to it, 
they are subject to some downward strain in 
increased abdominal tension from any cause 
and exert traction on the peritoneal surface 
at or about the internal ring. This traction 
may cause the formation of a true hernia and 
give a recurrence following operation for 
radical cure. Personal observation has been 
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made on 154 operations for hernia and notes 
were made while the pathology of each 
operation was fresh in mind. 

These cases cover patients of all ages from 
six months to 83 years and all lengths of 
duration of the hernia as well as all patients 
regardless of their weight. Some cases were 
taken from Dr. Andrews’ clinic at Mercy 
Hospital, the others from my personal cases 
at Mercy Hospital and Cook County Hos- 
pital. 

The lipomata of the inguinal region divide 
themselves into two natural classes: those 
found in the direct type and those found in 
the indirect type of hernia. Those con- 
nected with the direct type are usually of 
broad base; they bulge up from the weakened 
area in the abdominal wall where the con- 
joint tendon is deficient and may be closely 
adherent to or cover a large part of the cir- 
cumference of the sac. When the sac of 
direct hernia is merely a bulging of the peri- 
toneal wall on account of its lack of support 
by the muscles which should act as a retaining 
surface, the fatty mass may cover this in a 
uniform manner and depth or come out 
laterally in a separate mass. When separate, 
this fat adjunct of the protrusion in most 
cases takes its origin above the peritoneal 
bulging and may pass down over it and ex- 
tend on downinto the inguinal canal out of the 
external ring. Should this fat mass be dis- 
sected apart, a smaller and more distinct sac 
can be found and the removal of the lipom- 
atous material favors a non-recurrence of the 
hernia. When direct sacs are small we are 
not in the habit of opening them at all nor at- 
tempting to ligate them off, but, by bringing 
down over them the curtain of the conjoint 


tendon and external oblique and attaching it - 


to Poupart’s ligament, we feel that sufficient 
repair has been done to cure the hernia. Re- 
moval of the excess fat with careful ligation of 
its blood supply lessens the amount of tissue 
that tends to bulge, and favors the cure. Liga- 
tion lessens the chance of hematoma formation 
which might cause a pulling out of the deep 
stitches by pressure, or if unfortunately in- 
fected might cause abscess formation. 

In indirect hernia the lipomata assume 
different shapes dividing into: 
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1. Long pedunculated masses slightly lobu- 
lated and covered with a more or less true 
peritoneal-like covering which looks like a 
very thin sac, taking their blood supply from 
above. 

2. Broad, bulging masses originating behind 
the cord at the internal ring and bulging out 
in the general direction of the cord, lying 
posterior to it; or, 

3. Distinct fatty masses incorporated in 
the tissues of the cord with an attenuated 
neck at the internal ring. 

These appear to take origin from the pro- 
peritoneal fat, as their blood supply and con- 
tinuity extend from this tissue and in some 
cases seem to have followed down in the wake 
of the sac, or in others seem to have preceded 
the true hernial sac and to have broken a way 
for it. In most cases they are found to 
originate from the lower aspect of the internal 
ring, are much longer than the sac, and seek a 
pathway downward in direction of the cord 
or round ligament, forming more or less of a 
distinct pedunculated mass along the cord 
adherent to or separated from it, bulging out 
the inguinal canal and seeming to act as a 
space-forming wedge behind which the true 
hernial protrusion may follow. These may 
pass down to and out of the external ring. 

Hernial protrusions are found clinically 
which on examination give the distinct bulg- 
ing and coughing impulse, and one feels sure 
that there is a distinct sac to be found; yet 
on opening the canal nothing more than a 
bulging mass of fat can be found occupying 
the external ring. These masses may conceal 
behind them a small sac and hence should be 
carefully pulled apart or followed up inside the 
internal ring and the presence or absence of 
sac determined before they are ligated and 
cut off. 

Observation develops that most of these 
lipomata originate at the inner and posterior 
margin of the internal ring; they may, how- 
ever, be found springing from the anterior 
surface and lying in front of the cord, and in 
some instances have been found in double and 
triple form, each lipoma taking a separate 
point of origin. Each mass can be separately 
stripped out and ligated. Naturally, fat in- 
dividuals are more apt to have these lipomata 
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Semidiagrammatic drawing from actual operation illustrating inguinal canal opened, 
sac dissected from cord and opened, and separate fatty mass extending down into 
internal ring. 


than thin individuals, as they have a greater 
amount of properitoneal fat, but the lipomata 
are also found with great frequency in those 
of normal or even a subnormal amount of 
adipose tissue. 

In herniotomy perhaps too little attention 
is paid to freeing the sac neck around the 
internal ring for a distance of one to two cm. 
after it has been freed from the cord tissues. 
The sac should be held up taut and the index 
finger, gauze-covered, should sweep well 
around the internal ring, freeing the sac neck 
which the constant pull stretches further out 
into the wound. If ligated as in the ordinary 
run of cases, the ligature should always be 
deeper down—i.e., nearer the abdomen—-than 


the white line of the old thickened constric- 
tion ring which is present in practically every 
sac. In making this freeing dissection around 
the sac neck and pulling it down, one often 
brings into view hidden lipomatous masses, 
possibly of very broad base, lobulated, and 
as a rule pointed out from the internal ring 
and the general direction of the cord. These 
can be included in the ligature and removed 
even if the sac neck has to be further dissected 
up to get to their base. The amount of time 
involved is small and the peritoneal surface 
is sufficiently elastic to allow much stretching. 
If they remain, or if the sac has been tied off 
too long with a tendency for the peritoneal 
surface to bulge out from the internal ring 
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instead of being well retracted back and 
offering no depression into which omentum 
or other abdominal content may tend to 
wedge, these masses of fat become larger, are 
inclined to slip or wedge into this small ex- 


trusion and cause gradual recurrence of the 
cured hernia. 

Of 154 herniotomies performed, lipomata 
were found present in the opened canal 73 
times, giving a percentage of 47:4. 





CONCERNING THE FORMATION OF A NEW VAGINA IN THE CASE 
OF CONGENITAL VAGINAL MALFORMATION 


By Dr. GOTTHARD SCHUBERT, GyNecoLocist, BeEUTHEN, UpPER SILESIA 


LTHOUGH only a few years have 

elapsed since the first experiments 

were made in trying to form an arti- 

ficial vagina for those individuals that 
are affected with congenital vaginal malfor- 
mation, the literature concerning this subject 
has recently increased considerably. It was 
Kroémer (1), who critically examined the liter- 
ature existing up to this time, and wrote his 
essay: ‘ Die plastische Neubildung der Scheide 
bei partiellem oder totalem Defect.” I may 
be permitted, therefore, to pass over methods 
which up to this date were used to correct 
this deformity. I shall confine myself to a 
description of the development of this young 
branch of surgical gynecology. 

Originally there were employed peduncu- 
lated cutaneous flaps cut out of the upper 
thigh or the small labia (of the vulva), 
for the purpose of lining a canal which was 
formed (without cutting) between the rectum 
and the bladder, and which represented the 
new vagina. Somesurgeonsused peritoneum, 
others employed pieces of the skin (which 
were transplanted from any convenient 
place), for the purpose of lining the cul-de- 
sac. Even the intestinal mucous membrane 
of rabbits was employed for the same pur- 
pose. But all these methods failed to obtain 
any practical result, inasmuch as the trans- 
planted pieces of skin soon shrank and the 
artificial canal was gradually occluded. 

Matters began to go the right way from 
the very moment when mucous membrane 
was employed for the purpose of lining the 
artificial canal. Gersuny (2) was the first to 
try an experiment of this kind. The canal 


which was to represent the artificial vagina 
was lined with a piece of mucous membrane 
which had been cut out from the rectum. 
He proceeded in the following manner: 
After having divided the perineum and the 
sphincter ani, he cut a strip of mucous mem- 
brane from the anterior wall of the ampulla 
without interrupting its connection with the 
rectum near the plica vesico-rectalis; this 
piece was then laid on the back wall of the 
bladder as far as the orifice of the urethra 
and here fixed by suture. The wound which 
was thus caused in the ampulla was closed by 
three rows of sutures, the margins of the 
wound having been loosened. The anterior 
wall of the artificial vagina was thus formed 
by a piece of mucous membrane from the 
rectum, while the surface of a wound; i. e.. 
the anterior wall of the rectum which had 
been united by suture, formed the back 
wall. The sphincter ani was not united lest 
the strain due to evacuations should interfere 
with the course of healing of the sutures. 
A tampon covered with gutta percha paper 
was introduced into this artificial vagina in 
erder to prevent the tract of wound from 
cohering. This method was employed in four 
cases, three times by Gersuny himself and 
once by Puppel (3). Excepting that his 
patients had to wear a dilator (a conical vul- 
canite plug) in order to prevent the vagina 
from narrowing, Gersuny obtained tolerably 
satisfactory results. Puppel was not so suc- 
cessful a rectal fistula and a contraction 
of the vagina in consequence of tension of 
the tissue produced a total failure. 

There is no denying the fact that Gersuny’s 
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method shows a considerable progress in the 
formation of an artificial vagina in the case 
of absolute malformation; nevertheless, it 
proved insufficient. The fact that the piece 
of mucous membrane, which is covered with 
bacteria, is. during the whole length of the 
operation, in continual contact with the sur- 
rounding surface of the wound, renders a 
‘prima intentio”’ of the suture in the rectum 
a doubtful thing. It is not to be wondered at 
that fistula appeared in the cases of Gersuny 
and Puppel. The permanent wearing of a 
dilator in the artificial vagina is another 
detriment which ought not to be connected 
with an ideal operation. The dividing of 
the sphincter without its being united by 
suture is. in most cases. connected with a 
partial incontinence; i. e., patients will be 
able to retain evacuations of an ordinary con- 
sistency, but neither diarrhoea nor flatus. 
Last, but not least, I do not think a vagina of 
the above description permanently suitable 
for coition. 

The first operator who employed a piece cut 
from the rectum for the purpose of forming 
an artificial vagina was! Sueguireff (4). 
He proceeded in a manner which appears 
monstrous to us. He divided the rectum in 
the region of the os sacrum; the lower end 
was formed into a cul-de-sac; the upper end 
was attached by suture to the skin, thus repre- 
senting the excretory duct of an artificial 


anus. According to Krémer’s report (loc. 
cit.), Sueguireff divided the bridge between 


anus and vulva and closed the wound by pull- 
ing into the lateral margins (the question is, 
which?); thus was formed a kind of channel 
leading to the piece of rectum which was 
destined for coition. The leading idea was to 
profit from the contact of the external sexual 
organs for the purpose of coition and to place 
the entrance to posterior cul-de-sac as far 
forward as possible. According to this method 
Sueguireff has operated on three patients. 

I do not hesitate to criticise Sueguireff’s 
procedure in the sharpest manner, as it 
brought about a more serious disease than 
the want of a vagina means. What a mischief 
is a preternatural anus for him who is possessed 
with it! Aside from this, there is no deny- 
ing the fact that the patients. during the 
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Fig. 1. First stage of the operation. Circumcision of 
the hymen and preparation of the rectum out of the 
sphincter ani (3 cm. long). 


whole length of life, must expect serious in- 
jury to their health, as every anus preterna- 
turalis, however deep it may be placed, causes 
serious disorders of the digestive tract. In 
my opinion, there is not a single extenuating 
fact in Sueguireff’s procedure that should in- 
fluence other surgeons to follow his example; 
for, concerning the methods of correcting the 
malformation of a vagina, we should, with- 
out Sueguireff, have arrived at the same stage 
of progress today, as those methods, which, 
properly speaking, are the only available ones. 
were invented by men who I do not suppose 
had any knowledge of Sueguireff’s procedure. 
We have seen that all the methods mentioned 
above proved absolute failures or brought 
about only slightly satisfactory results. Bald 
win’s method was the first to obtain really 
useful results (5). Basing his theory upon 
experiments on dead bodies, he proposed 
using a loop cut from the small intestine for 
the purpose of forming an artificial vagina. 











Enucleation and extirpation of the coccyx. 
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In 1907 Baldwin tried this method. In one 
case the vagina of a patient had been con- 
tracted by scars in consequence of repeated 
dystocia, and had thus become unfit for co- 
ition. Baldwin cut out the undermost part of 
the ileum. A Murphy button combined the 
two ends of the divided intestinal tube, while 
the dissected piece was formed into a cul-de- 
sac. By means of a silk thread which was 
put around the middle of the loop, this piece 
of ileum was drawn into a tube which was 
formed into a cul-de-sac between the rectum 
and the bladder; then it was united by suture 
with the orifice of the vulva and at last opened 
there. Thus was formed a double vagina, 
the wall of which was later gradually divided. 
This operation was crowned by a lasting and 
satisfactory result. 

In four other cases Baldwin proceeded in 
the same way and was successful in each case. 

Without having any knowledge of Baldwin’s 
method, Mori at Ira,in Japan, in thesame year 
formed a vagina by cutting a sling out of the 
small intestine, but without doubling it. Even 
two years after the operation the result re- 
mained satisfactory (6). In the same year, 
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Haeberlin (7) proposed remedying congenital 
vaginal malformation by implanting a loop 
cut out of the small intestine. 

This method was employed by the follow- 
ing surgeons: Abadie (8), Prince Louis Fer- 
dinand (Miiller [9]), Stéckel (10), Papanicol 
(11), Hulbau (12), and Bumm (13). 

Before critically examining the methods 
referred to I shall speak of other operations 
in which also were employed pieces cut from 
the intestine for the above-mentioned pur- 
pose. 

Amann (14) used in his case the anterior 
wall of the rectum. His patient had a recto- 
vulvar fistula, in consequence of stuprum. 
The ampulla recti of his patient being unusu- 
ally wide, Amann, by means of intestinal 
clamps, pulled down an upper fold of the an- 
terior wall after having thoroughly divided 
the bridge between the fistula, the anus, and 
the sphincter. Then the fold was transversely 
split and entirely isolated. The upper margin 
of the wound being attached by suture to 
the orifice of the vulva, the place of the former 
fistula now formed the orifice of the vagina, 
while the lower margin of the wound was unit- 
ed with the sphincter, and closed, in this way, 
the divided rectum. By uniting the leva- 
tores ani, Amann formed a septum vaginale. 
Then he united the sphincter by suture and 
finished the operation by  skin-suture of 
the perineum. The result was highly satis- 
factory. Amann himself declares that his 
method is suitable only in the case of a wide 
ampulla recti. He proposes, therefore, to 
employ the rectum to form a new vagina in 
every other case. 

A rather complicated way of forming an 
artificial vagina was chosen by Albrecht (15). 


‘He opened the peritoneum in the sacral way, 


pulled down the flexura romana, closed the 
peritoneum, divided the flexura at its tran- 
sition to the rectum, and, pulling out the up- 
per end through the vulva, attached it here 
by suture, finally implanting the upper part 
of the rectum laterally in the flexura. At 
first the evacuation made its way per vaginam. 
After a few days, he divided the implanted 
flexura (which represented the vagina) about 
12cm. above the vulva and united the surfaces 
of the two wounds by suture. 
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Albrecht employed this very radical and 
complicated method in three cases, obtaining 
a satisfactory result in two. In a third case 
the vagina became entirely necrotic. This was 
a fatal failure. Fecal fistulae appeared in 
each of these three cases and had to be closed 
by a later operation. 

Finally, one word more about Popoff’s (16) 
method. He employed the rectum for the 
purpose of forming a vagina by cutting out 
the ampulla recti and placing it in the region 
of the vagina, while the upper end of the 
rectum was pulled through the anal wound 
and united by suture with the sphincter, 
which had remained entire. 

Without having had any knowledge of 
Amann’s proposal, which had not yet been 
published, nor of Popoff’s procedure, which, 
even up to this day, I know only from short 
reports (I know only the former methods 
in which pedunculated patches of the skin or 
pieces cut from the small intestine were em- 
ployed) —-I say, without having had any 
knowledge of these above-mentioned methods, 
I followed absolutely a course of my own in a 
case which I shall describe (17). I formed an 
artificial vagina by means of a piece of the 
rectum, which absolutely answered the pur- 
pose. Three other cases offered much oppor- 
tunity of technically improving my method, 
so that at this moment, if I may say so, 
matters have reached the highest attainable 
degree of perfection. 

I proceed in the following manner: The 
patient is lying on the right side. I extirpate 
the hymen completely without penetrating 
deep into the body, then follows circumcision 
of the anus, the dissecting of the rectum from 
the sphincter (Fig. 1) (about 3 cm. long) after 
a moderate dilatation of the sphincter, and, at 
last, a dressing forceps covered with a thick 
tampon is introduced into the rectum. 

I make a cut to the bone (10 cm. long) 
above the coccyx. beginning 5 cm. above the 
anus; the fascia is pushed aside and the coccyx 
is laid bare and seized with the bone forceps. 
On gently raising the latter, the sacroccygeal 
synchondrosis becomes visible. While the joint 
of the coccyx is pressed toward the rectum, 
the synchondrosis is divided with a bone- 
knife. The coccyx is (by means of a pair of 
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Fig. 3. Showing the rectum pulled through the sacral 
wound by means of an introduced forceps. 


scissors) enucleated; I advance from its point 
by means of planing the bone. The two 
terminal branches of. the arteria sacralis are 
held by two forceps. The fascia pelvis is 
divided by a longitudinal incision. The 
rectum is pulled forth by means of a dressing 
forceps and isolated about 12 cm. above the 
anus by means of bilateral ligatures above and 
below the place which is to be divided. ‘The 
rectum having been so far isolated that a 
bridle bandage can be put round it, the rectum 
pelvicum is pulled down. The stretching 
connecting bundles are doubly tied and 
divided, until the part which is to be cut 
through may easily be pulled down toward 
the anal region. The peritoneum is not opened 
and remains invisible. Now the rectum is 
pinched by means of two intestinal clamps, 
and the intestinal tube is divided between the 
clamps. The surface of the upper incision is 
covered with a tampon saturated with lysol, 
while the lower wound is immediately closed 
by way of a continuous suture which, after the 
removal of the lower clamp, is sccured by a 
double row of button-sutures. ‘The cul-de-sac 











Fig. 4. Showing the general situation respecting the 
wound and the displacement at the end of the operation. 


which has thus been formed is, by means ot 
two sutures, fixed as high as possible to the 
ligamentum sacro-spinosum. Now I pene- 
trate with my finger through the perforated 
hymen toward the coccygeal wound, and widen 
this canal so that two fingers can easily pass 
through it. The anal piece of the rectum 
which was cut out from the sphincter is drawn 
through this canal toward the newly formed 
orifice of the vulva, by means of some inter- 
rupted sutures fixed to the margin of the skin. 
The upper end of the divided rectum, which 
was closed with a clamp, is in a similar way 
put through the sphincter ani, at first by 
means of some hidden sutures fixed to the 
sphincter itself, and afterward to the external 
anal skin by means of some interrupted 
sutures. A thin sterile strip of gauze is put 


in the coccygeal wound and pulled through - 


the lower corner of the wound. The rest of 
the wound is closed. The newly formed va- 
gina is laid bare by means of a speculum, 
cleansed from phlegm, and plugged with a 
sterile gauze swab. At last, at the end of the 
operation, a drain of India rubber covered 
with gauze is introduced into the rectum. 
Following this method I have operated on 
four patients. The healing took a regular 
course without any trouble. The primary 
and secondary results were excellent. I 
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never heard of any complaint, either at the 
end of the convalescence or after many 
years of observation. This method was em- 
ployed by Fléel (18), by Franqué (19), by 
Krémer (20), by Strassmann of Berlin, and 
by Engelmann of Dortmund. Nine cases in 
which this method was employed have been 
observed up to this time. All these surgeons 
approve of the simple manner of the execu- 
tion and report extremely satisfactory re- 
sults. 

If we now compare the different methods 
which I have described above, with my pro- 
cedure, it seems to me evident that my meth- 
od possesses such important advantages that 
it deserves to be called the most simple and 
the best of all. In my opinion, there is hardly 
a possibility of Albrecht’s procedure compet- 
ing with the rectum method. Up to this time 
there is none who has employed Albrecht’s 
method, and I think there will be none, his 
method being too complicated and its results 
too problematic. (Remember the cases mem- 
tioned above: in one case, gangrene of the 
new-formed vagina; in all three cases, fxcal 
fistulae.) Thus I think there will hardly be 
a surgeon found who will follow his exam- 
ple. Concerning the main effect, a vagina 
fit for coition,— there is only one method 
which can compete with my procedure; that 
is the small intestine method according to 
Baldwin, Mori, and Haeberlin. Respecting 
simplicity and security of life, there is no 
rivaling my method. Baldwin’s method seems 
to me too dangerous, and I agree with Al- 
brecht, who thinks that Baldwin’s method 
offers too little security of life and that the 
loosening of an intestinal suture may cause the 
death of the patient. It happened in the case 
of Abadie (21), who operated by Baldwin's 
method, that a patient, in consequence of an 
intestinal suture not being tight enough and 
causing a fecal fistula, had only a narrow es- 
cape of the most serious complications. 

In spite of all our modern procedures, in 
spite of the most brilliant skill in execution, 
the small intestine method for the purpose of 
forming a new vagina represents a hazardous 
enterprise on which I should not like to ven- 
ture. But setting aside the loosening of an 
intestinal suture, the laparotomy in itself, or 
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only one mistake in the aseptic apparatus, 
under certain circumstances is sufficient to 
destroy the life which has been entrusted to 
us. Therefore, Stéckel (22) is quite right in 
saying: ‘“*Who would venture to assert that 
the discipline of the operation theater is able 
to render impossible such mistakes in the 
procedure that may easily become fatal? 
There is no denying the fact that mortality 
reaches a higher percentage with laparotomy 
than with other operations.” This incontest- 
able truth cannot be gainsaid, however 
excellent the perfection of surgery may be. 

Medicinal literature shows a great many 
operations executed according to Baldwin's 
method, but these cases do not at all prove 
that all these operations had satisfactory 
results. It is nothing but human not to pub- 
lish those cases which turned out badly. I do 
not hesitate to confess that even my method 
cannot afford any proof of its bringing about 
only successful results in every future case. 
But, nevertheless,-I am convinced that, con- 
cerning my method, nothing but an unfore- 
seen accident is able to cause an unfortunate 
result. In my opinion, there is not the 
slightest doubt that the small intestine meth- 
od is connected with serious dangers to life 
and health which hardly come into question 
in connection with my method. 

I pass over all the casualties and dangers 
connected with the small intestine method 
which, besides peritonitis, appear during 
convalescence, such as thrombosis of the 
mesenteric vessels, or ileus after the opera- 
tion, and, supposing that the operation is 
always crowned with a satisfactory result, 
there are nevertheless in this method so many 
deficiencies that they are sufficient in them- 
selves to cause us to reject the method of 
forming a vagina by means of a small intestine 
sling. 

The fact that my operation can be executed 
from its beginning to the end with the patient 
in a lateral position, while Baldwin takes his 
course at first per vaginam, afterwards per 
laparotomiam, and finally per vaginam again, 
—TI say, this fact shows that Baldwin’s 
method requires much time and endangers the 
asepsis, which circumstances do not prove 
Baldwin’s method to be an acceptable one. 





Fig. 5. Displacement at the end of a vaginal operation 
in the case of haematometra. 


It may happen that after the opening of the 
abdomen an extremely short menscnterium 
is found. In this case, there is nothing else 
to be done but to stop the operation and to 
close the abdomen, and all labor is lost. The 
scar on the abdomen, even if no hernia fol- 
lows, is an everlasting memorial of this opera 
tion, not only for the patient, but also for 
her husband. There is no denying the fact 
that the mesenteric section of which the im- 
planted sling is formed, being very much 
stretched in itself, will cause much pain 
whenever a stretching of the vertebral column 
is required by any function. The cord which 
goes through the small pelvis seems to me a 
sufficient reason for permanent fear of an 
ileus. A stricture appearing at the anastomosa 
of the intestinal loop, and which we cannot 
entirely avoid even by forming a wide lumen, 
may require a new operation or cause lasting 
troubles. Besides this, the adhesions, which 
in consequence of the operation appear on the 
mesenterium and the intestinal loop, very of- 
ten cause the most disagreeable conditions. 

It is known that Stéckel, at the end of his 
operation (Baldwin’s method), has succeeded 
in proving the existence of coli bacteria in 
the peritoneum. Through experiments it 
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has been satisfactorily proved that, in 
case the surgeon is not free from germs, 
adhesions will appear in the peritoneum. I 
am of the opinion that there is no possibility 
of applying Baldwin’s method in the case of 
high-lying hamatocolpos, in which case the 
forming of a new vagina for the purpose of 
restoring the possibility of conception must 
be for a surgeon a highly ideal aim. 

It is undeniable that the thin intestinal 
wall, which during a coition separates the 
penis from the abdominal cavity, means a 
permanent and great danger for the possessor. 
Bumm of Berlin (23) covered the intestinal 
tube with the existing rudimentary annexions, 
thinking to have found a way of diminishing 
the danger. On the basis of the same appre- 
hensions, Ruge, of Frankfurt, has per laparo- 
tomiam removed a piece of flexura sigmoidea 
which on account of its thick coat seemed to 
him most fit for the formation of a new vagina. 
Under these circumstances, the canal being 
lined with mucous membrane, the appearance 
of hernia lies within the bounds of possibility, 
which, so far as I know, none of Baldwin’s 
adherents has taken into consideration. 

Injuries to the bladder and rectum are 
very possible, as the canal which has to receive 
the intestinal tube is formed into a cul-de-sac. 
What effect the secretion of the implanted 
piece of ileum will have on the exterior 
genitals and the surrounding parts remains 
to be seen. In order to prevent the intestinal 
loop from secreting too much, Stéckel has 
prescribed a special diet to a patient who had 
been operated on according to Baldwin’s 
method. 

Without further circumlocution I come to 
the question, Facing all these important diffi- 
culties, how does my method stand? Con- 
cerning the scar, it is not to be seen, and thus 
it comes that in two cases the husband has 
not the slightest intelligence of the correction 
in the body of his wife. Two months after 
the operation, Krémer (loc. cit.) exhibited to 
his students a patient who had been operated 
on according to my method. Kroémer’s 
assistant, who had been studying for several 
years, failed to discover the suture at the 
vaginal orifice, and not knowing that an arti- 
ficial vagina had been found, he was of the 


opinion that he had seen the diagnostic signs 
of a catarrh of the cervix uteri. The scar in 
the rima ani is only to be found by one who 
knows the whole previous history of the scar. 
Hernia of the scar, with all its inconvenient 
effects, is absolutely out of question, so far 
as my method is concerned. Likewise we 
avoid all the damages and dangers brought 
on by laparotomy because the peritoneum 
does not come into sight at all. There is no 
reason why the secretion of the rectum should 
have a detrimental influence upon the exterior 
skin, as nature itself has destined this piece 
of intestine to act as an excretory duct. 
During a two years’ period of observation, 
none of my patients whom I have operated 
on had any cause of complaint in this respect. 
There is no possibility of injuring the bladder, 
as it is not necessary to form a tract of wound 
in the region of the bladder for the purpose of 
implanting the piece of intestine. But now it 
does not admit of any doubt that in the case 
of high-lying hamatocolpos or not complicated 
hematometra, my method offers an excellent 
way for a lasting discharge of menstrual 
blood, it soon promises a fair prospect of re- 
storing procreative power, which purpose can 
hardly be attained by the small-intestine 
method, mainly because it would be necessary 
to open hematocolpos before the implanting 
of the intestinal loop. In this case the 
peritoneum is greatly exposed to the danger 
of becoming infected, which would very much 
increase the insecurity of the dangerous 
action. Also in the case of hamatometra it 
would be necessary to make an opening for 
want of room. 

I am sorry to say that I never had occa- 
sion to form a new vagina in the case of the 
above-mentioned malformation. In my opin- 
ion, the process of operation would be as fol- 
lows: At first the new vagina is formed out 
of a piece of the rectum regardless of the ex- 
isting hamatocolpos or hematometra. After 
the convalescence, the hematocolposis opened, 
and, by plugging, the edges of the wound 
are prevented from uniting. In the case of 
hematometra connected with hamatosalpinx, 
it is necessary at first to remove hamato- 
salpinx by laparotomy, in order to under- 
take, later on, the formation of a new vag- 
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On the basis of theoretical considera- 


ina. 
tions, some surgeons have found in my method 
deficiencies, which, however, in practice have 


not come into existence. For instance, some 
adherents of other methods have given ex- 
pression to the apprehension that the im- 
planted piece of rectum might become 
gangrenous, that the sphincter might be 
exposed to a disturbance of function, and 
that the operation itself might be too difficult. 
But these deficiencies exist only in theory. 
My method is often compared to the opera- 
tions of carcinoma recti and to the difficulties 
connected with it, but one forgets that these 
are things not to be confounded. There is a 
great difference between my method and the 
others. Whereas in the one case the carcinoma 
together with the surrounding tissue is extir- 
pated as completely as possible, I try to retain 
everything. The colon pelvicum, which had 
been pulled down, is always surrounded by 
connective tissue; it is not pulled, as often 
occurs with operations of carcinoma, through 
a wound canal that is deprived of the connect- 
ive tissue. Therefore the colon is not exposed 
to any disturbance in the matter of nutrition, 
nor the sphincter to any disturbance of func- 
tion. Therefore, I repeat, those imperfections 
which by way of theoretical considerations 
have been imputed to my method do not 
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exist practically, especially according to the 
present experiences. There is no reason 
whatever to fear gangrene of the rectum; no 
less groundless is the fear of greater technical 
difficulties, which, I suppose, has caused the 
majority of the surgeons to prefer the small 
intestine method in spite of the existing 
apprehensions. 
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OF NEGLECTED CHRONIC INTESTINAL 


STASIS ' 


By ALFRED C. JORDAN, M. D., CAMB.; M. R. C. P., Lonpon 


, | NAHE subject of chronic intestinal stasis 
has grown enormously in magnitude 
and importance since its first enuncia- 
tion by Sir Arbuthnot Lane. Conse- 

quently it is impossible to cover the entire 

field to-night, even in the briefest manner. I 

propose to give an outline of some of the 

end-results in neglected cases, indicating the 
manner in which the stasis has caused these 
results. 

Chronic intestinal stasis means the habitual 
undue retention of the contents of the bowel 
in some or all parts of its length, and the 
consequences — local and general — arising 
from the retention. 

The large intestine is a very usual site of 
stagnation of faeces, and Metchnikoff, in his 
splendid writings, attributes all the conse- 
quences of alimentary toxzemia to this cause. 
His view received wide acceptance, and un- 
doubtedly there are many cases in which 
much toxic absorption goes on from the stag- 
nant large intestine. We must remember, 
however, that the large intestine is accustomed 
to deal with microbes, and that it has a con- 
siderable power of rendering them innocuous. 
The retention of hard, stagnant feces in the 
large intestine also produces local evils, due 
to the chronic irritation set up by their pres- 
ence. Colitis is one of them; there are fre- 
quent small evacuations containing mucus, 
and the large bowel (or the latter part of it) 
gets into a state of tonic constriction, so that 
its lumen, as shown by a bismuth meal, is 


always narrow, containing only a fine streak ~ 


of bismuth, while the first portions of the 
big bowel are constantly filled with stagnant 
feces. The long-continued irritation is apt 
to set up a disease still more disastrous; name- 
ly, cancer. Several parts of the large intestine 
are specially prone to be affected in this 
way: the cecum and rectum, where large 
quantities of hard feces often accumulate, 
and at points where bands form, and obstruct 
the lumen of the bowel, viz., the iliac colon 


and the transverse colon just beyond the 
hepatic flexure. This is only one of the ways 
in which chronic intestinal stasis leads to the 
appearance of cancer — by direct irritation. 

As already explained the large intestine has 
considerable power of dealing with microbic 
infection; the small intestine, however, is 
sterile in health, and has not this power. 
When the contents of the lower ileum are 
dammed back at the ileocecal entrance by 
the full caccum, stagnation occurs in the last 
coils of the ileum; these coils are then infected 
by microbes which find their way from the 
cecum, and the toxins absorbed from them 
poison the system and give rise to the con- 
stitutional changes found in the subjects of 
chronic intestinal stasis. Dr. J. T. Case has 
proved the existence of incompetence of the 
ileoceecal valve in the subjects of stasis; un- 
doubtedly this facilitates the entry of microbes 
to the small intestine from the cecum. The 
first effect of the overloading of the lower ileal 
coils is to make them drop from their normal 
position above the pelvic brim into the pelvis. 
In dropping they pull upon the mesentery. 
In feeble subjects (especially women) the 
attachments of the mesentery drop, allowing 
the bowel to fall without effort to prevent 
it; in more robust persons, however, the drag 
upon the mesentery of the lower ileum, exert- 
ed whenever the patient is upright, results 
in the formation of a thickening of the mesen- 
tery at the point (or points) where the pull is 
greatest. This thickening is the beginning 
of an ileal kink (Lane’s kink). It represents 
the attempt of nature to prevent the fall of 
the viscera. Unfortunately the bowel is held 
up at one point only, and in the erect posture 
the caecum and ileum fall on either side of 
this fixed point, so that an actual obstruction 
is created, aggravating the ileal stasis it was 
meant, by nature, to relieve. Here we have 
an instance of a “vicious circle’; there are 
many in the history of intestinal stasis. It is 
clear, then, that the ileal kink is not the 


1 Abstract of an address delivered before the Chicago Medical Society on April 22, 1914. 
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original cause of the stasis; it is an effect of 
the stasis, though when it occurs it aggravates 
the stasis. Some of the very worst cases of 
stasis are those in which no ileal kink occurs, 
the bowel dropping in these feeble subjects 
without any attempt at resistance by the 
organism. The terminal coil of the ileum 
hypertrophies in these cases, as in all cases 
of stasis, but if the caecum occupies the pelvis 
(which is usually the case), the terminal ileum 
is out of reach; the only positive evidence of 
stasis in the ileum is, then, that afforded by the 
X-ray investigation, which proves the pro- 
longed retention of the bismuth in this region. 

The effect of the overloading of the lower 
ileal coils is not confined to these coils; the 
downward pull affects the whole mesentery 
of the small intestine, and the jejunum is 
pulled down at its upper end, and is thus 
kinked upon the duodenum, which is (nor- 
mally) fixed at its termination. Behind this 
duodenojejunal kink the duodenum becomes 
distended: its width is often double the nor- 
mal, and the length of its vertical portion 
five or even six inches instead of three, the 
normal length. The appearance of the 
“static”? duodenum on X-ray examination is 
most striking. Its powerful peristaltic con- 
tractions are seen to be ineffectual against 
the kink, in marked contrast to the normal 
duodenum, which expels its contents without 
difficulty and without delay into the jejunum. 
The X-rays furnish perfect proof of the de- 
pendence of duodenal distention upon ileal 
We never find one without the other, 
and we never find a normal duodenum asso- 
ciated with an appreciable amount of ileal 
stasis. 

The distended duodenum is infected with 
microbes which have ascended from the stag- 
nant lower ileum; thus it is apt to become 
ulcerated, and chronic duodenal ulcers can 
always be shown, by X-ray investigation, to 
occur in the distended duodenums of stasis. 
The first part of the duodenum is usually 
more dilated than any other, and it is here 
that the ulcer is found. The biliary and 
pancreatic ducts become infected from the 
duodenum, and we get cholecystitis and gall- 
stones in the subjects of intestinal stasis. The 
pancreas is always hard and nodular in these 


stasis. 
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subjects; this is found at operations; eventual- 
ly carcinoma of the head of the pancreas is 
apt to appear — another untoward result of 
neglected stasis. 

The duodenal distention has its inevitable 
effect upon the stomach: pyloric spasm is 
present to prevent regurgitation from the 
duodenum; the spasm is apt to become per- 
sistent, and this leads to overfilling of the 
stomach, which cannot get rid of its contents 
in time to make room for the next meal. The 
greater curvature drops, and this is usually 
aided by the weight of the overloaded trans- 
verse colon. A great strain is thus put upon 
the pylorus, and results in the appearance of 
a chronic ulcer in some cases. Thus pyloric 
ulcers, stenosis, and cancers are other results 
of neglected stasis. 

In some cases the liver drops, carrying the 
pylorus down with it; the strain is then shifted 
from the pylorus to a point along the lesser 
curvature of the stomach, and a secondary 
ulcer may then appear at this point. X-ray 
investigations furnish the most conclusive 
proof of the relation of these ulcers to pyloric 
spasm, and to chronic intestinal stasis. Ulcers 
of the lesser curvature lead to hour-glass con- 
strictions, spasmodic in the first place, be- 
coming stenotic if the ulcer heals. Ina certain 
proportion of cases cancer supervenes upon a 
chronic ulcer, and I have a number of in- 
stances showing the transition from a chronic 
ulcer of the lesser curvature to a cancer. 

The constitutional changes produced by 
stasis spare no tissue; the nodular breasts of 
stasis subjects are well known, and furnish 
a ready means of estimating the effect of 
treatment, the nodules disappearing with the 
relicf of the stasis, but persisting in patients 
who are not improving, and going on, in neg- 
lected cases, to chronic cystic disease, ending 
in cancer. 

The aortic arch becomes atheromatous at 
an early age in stasis subjects,—- an important 
fact to surgeons, since patients do not stand 
severe operations after the arch has begun to 
dilate. 

Chronic rheumatism of an obstinate kind 
is apt to occur; it clears up permanently on 
the successful treatment of the stasis. The 
thyroid gland shows characteristic changes; in 
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most cases it atrophies, so that the rings of 
the trachea are readily felt through it. Some- 
times the thyroid enlarges, and the symptoms 
and signs of exophthalmic goiter show them- 
selves. In other cases, again, adenomata of 
the thyroid are found. All these abnormalities 
clear up permanently on the successful treat- 
ment of the stasis. 

Glycosuria occurs in some severe cases of 
stasis, and may end in diabetic coma—as in a 
recent case in which the X-ray investigation 
revealed evidence of extreme stasis, the duode- 
num being six inches in the length of its ver- 
tical part, and showing powerful ‘‘writhing”’ 
peristalsis in its attempts to overcome the 
duodenojejunal kink. There was great ileal 
stasis, and extreme stasis in the large intestine, 
no bismuth having passed the middle of the 
transverse colon after 48 hours; i. e., at a time 
when the whole of the bismuth would have 
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The 
transverse colon was abnormal in position, 
descending vertically from the hepatic flexure 
to the deepest part of the pelvis, making a 
complete loop in the pelvis, and emerging on 
its way to the splenic flexure. 

This glycosuria is due, no doubt, to the 


been evacuated in a nornal subject. 


pancreatic change already described. It is 
certain that the suprarenals do not escape 
from participation in the chronic changes of 
the glands, and the pigmentation of the skin 
seen in most stasis cases may be due to this 
cause. 

This brief account will serve to indicate the 
great diversity and severity of the changes 
brought about by chronic intestinal stasis if 
neglected, and the need for a widespread 
understanding of the disease which has only 
come to be appreciated since the genius of Sir 
Arbuthnot Lane disclosed its nature to us. 





RECENT EXPERIMENTS DEFINING THE DANGERS OF ANAESTHESIA! 


By YANDELL HENDERSON, Pa. D., New Haven, ConNneEctTICUT 
Professor of Physiology in the Yale Medical School 


HE past five years have probably con- 
tributed more to precise knowledge 
of anesthetics, their practical use and 

the real nature of their dangers than the 
preceding thirty. For many years there had 
been almost a condition of stagnation in this 
field. There were indeed investigations, for 
example those of the Hyderabad Commission 
on the dangers of chloroform,— a commission 
which, by the way, overlooked the essential 
point and reached a wrong conclusion. But 
such investigations were to a great extent 
merely a rattling of dry bones. There was 
little that was new in the technique of admin- 
istration, and less that was suggestive for the 
opening of new fields of observation and 
experiment. 

The conceptions of the dangers of anes- 
thesia were simple and unquestioned. The 
expressions “failure of respiration’ and 
“failure of the heart”? summed up every- 
thing. Each was a single definite process, 
although a few particularly broad-minded 


‘College, London. 


persons recognized also a ‘‘ vasomotor failure.”’ 
In both, or in all three, of these supposed 
modes of death the cause of trouble was 
assumed to be nothing else than an excess of 
anesthetic or some vaguely guessed at weak- 
ness in the patient. 

I cannot better express the renewed vitality 
of investigation in the field of anzsthetics 
than by illustrating it with some of the recent 
important contributions. I shall take first 
the work of A. Goodman Levy ? done in Pro- 
fessor Cushny’s laboratory at University 
As you are aware, the 
Hyderabad Commission reached the conclu- 
sion that if the administration of chloroform 
be pushed it will happen ‘999,999 times 
out of a million that respiration will fail before 
the heart.” This amounted to saying that 
the fatalities under chloroform were mere 
carelessness on the part of the anesthetists. 
Naturally the practical anesthetists who 
had seen patients not only breathing at the 

2 Levy, Heart, 1913, iv, p. 319. 


1 Read before the American Gynecological Society, Boston, May, 1914. 
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moment the pulse disappeared, but even 
breathing vigorously for a minute or more 
thereafter, refused to accept such a statement. 

The mistake lay in the assumption that 
fatalities under anesthesia must be due to 
excess of the anesthetic. This is an error 
which it seems extremely difficult to over- 
come in the minds of surgeons. They are 
prone to insist that ‘if that fool anesthetist 
had not poured on too much ether (or chloro- 
form, as the case may be) we should not have 
had all that trouble.”’ Anzsthetists on the 
contrary are usually quite ready to recognize 
the fallacy, for they know as well as anyone 
can who has only a very inexact method of 
measuring dosage that trouble often comes 
when less rather than more has been given. 

Levy’s work has shown that primary heart 
failure under chloroform is a perfectly definite 
and easily induced result of very definite 
conditions. He quotes cases from the litera- 
ture showing that one of the essential condi- 
tions of such fatalities is light chloroform 
anesthesia. Such mischances do not occur 
under deep chloroform anesthesia, for the 
heart is then merely depressed, and as respira- 
tion always fails first it is usually easy to eftect 
resuscitation. It is not depression, but an 
abnormally intense irritability of the heart 
which is the condition underlying this class 
of fatalities. 

Most of the fatalities quoted by Levy 
occurred either during the initiation or termi- 
nation of anesthesia. They involved beside 
the light anzsthesia another factor, namely, 
excitement, strong sensory stimulation, or an 
injection of adrenalin. A man was having 
the septum of his nose straightened. He was 
in excellent condition under very light 
anesthesia. Some adrenalin was injected, 
and he promptly died. <A girl had passed 
through an operation in excellent condition 
and the administration of chloroform had 
been discontinued. As she had a stiff knee, 
the surgeon forcibly flexed it. She gave a little 
cry and died. A man was given an insufficient 
amount of chloroform, so that the stage of 
excitement was prolonged; finally enough 
was given to induce a moderate depth of 
anesthesia; he suddenly became pale and 
pulseless. In nearly all of these and similar 
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cases respiration continued and was even 
abnormally vigorous after the pulse disap- 
peared. 

These are types of cases which Levy has 
shown are easily reproducible on animals, 
particularly cats. I have myself seen many 
such fatalities unintentionally produced in 
animals by timid anesthetists. I have also 
repeated with entire success Levy’s primary 
experiment in which adrenalin is administered 
to a cat lightly chloroformed, and have ob- 
tained exactly the same sudden heart failure 
and complete and irrecoverable fall of arterial 
pressure which Levy’s experiments show. 

What is it that occurs in these cases? Levy 
has shown by an almost excessive thorough- 
ness of experimental demonstration that it 
is a condition of fibrillation of the ventricles,— 
delirium cordis,—a condition which, unlike 
mere cardiac inhibition or vagus or asphyxial 
standstill, is in as large an animal as man in 
the majority of cases practically irrecoverable. 

I have tried experiments to see whether 
similar deaths could be produced in cats by 
means of adrenalin or sensory stimulation or 
prolonged excitement under light ether anzs- 
thesia. A certain degree of the cardiac ir- 
regularity which is a condition precedent to 
delirium cordis is thus producible, but I have 
never obtained a completeand fatal fibrillation 
of the heart by this means. 

Another of the modes of fatality which is 
now under analysis is one occurring under 
ether. Cathcart and Clark ' find that under 
light etherization the heart in rabbits is 
markedly depressed by a degree of asphyxia- 
tion which is quite harmless under full 
anesthesia. Exactly what this effect consists 
in, and how far it applies to human cases, 
we inust await further investigations to learn. 
I have mentioned the observation here be- 
cause, like the work of Levy, it bears out a 
point which was particularly emphasized in 
the report of the committee on anzsthesia * 
of the American Medical Association a couple 
of years ago,— a committee of which I was 
chairman,— in which the point was especially 
emphasized that few anesthetic fatalities are 
due merely or mainly to excess of anesthetic. 

1 Cathcart and Clark, J. of Physiol., 1913, xlvii, p. 393- 

2J. Am. M. Ass., 1912, 1908. 
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As a rule they result more or less directly 
from incomplete anesthesia and the stage of 
excitement. I may here repeat also another 
point made in that report, namely, that in 
view of what we now know of the dangers of 
post-operative chloroform poisoning, and of 
the not infrequent toxic effect on mother and 
child when chloroform is used in labor, it is 
about time that the use of chloroform should 
be given up altogether. 

I wish to return now to the subject of partial 
asphyxia under light ether anesthesia. Not 
very long ago I had occasion to observe a 
difficult subject under ether. For the most 
part it was administered by what is called 
an ‘‘open”’ method,— although why the term 
“‘open”’ should be applied to the type of mask 
employed I am unable to see, for the patient 
became at times markedly cyanosed. Part 
of the time a frankly rebreathing method of 
mask and Rovsing bag was used and when 
too closely applied some degree of cyanosis 
was observed. From the Rovsing bag I ob- 
tained samples of air which were afterwards 
analyzed for ether, CO2, and oxygen. The 
figures obtained are shortly to be published 
by Dr. John Bryant, for whom I made the 
analyses. I may mention here, however, that 
throughout the series of analyses the oxygen 
content of the air in the bag and the patient’s 
color showed the closest correspondence. Low 
oxygen in the inspired air occurred with cyano- 
sis and a fair amount of oxygen with a good 
pink color. It seems to me altogether probable 
that if analyses had been made of air from the 
open mask the same correspondence would 
have been proved. If so, this mask was really 
far from open, for when the patient became 
rigid, not only was ether poured on in a steady 
stream, but the mask was also pressed down 
on the face until marked cyanosis occurred. 
The Rovsing mask and bag seemed to keep 
the patient a better color, in spite of the 
difficulties of the case, as well as to afford a 
better control of conditions, than did the open, 
drop method with which it was alternated. 

From such observations I have become very 
skeptical regarding the distinction between 
open and closed methods. The so-called 
open method is often far from open. There is 
in the cone a very considerable dead space 
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from which the patient rebreathes, and at 
times there appears to be (and this is much 
worse) a considerable mechanical obstruction 
to the movements of air. The ‘‘open”’ method 
as applied to ether is a very crude and un- 
scientific procedure. In the first place more 
than half of the ether is volatilized during 
expiration and blown off into the room. That 
is one of the reasons why, when a refractory 
patient develops stormy breathing, the anzs- 
thetist is compelled to pour on such a volume. 
Boothby! has recently demonstrated that 
the amount of ether in the inspired air nec- 
essary to produce and maintain anesthesia 
is exactly the same in all subjects no matter 
whether refractory or otherwise. It is time 
that we recognized that although ether is for 
the anesthetist a liquid it is for the patient 
just as distinctly a gas as is nitrous oxide. 
The time is close at hand, in my opinion, when 
in every well ordered and scientific operating 
room where ether is used at all, instead of its 
being poured as a liquid over the patient’s 
face and into his mouth, there will be a device, 
—and it can be a very simple device,— on a 
stand at the anesthetist’s elbow, or over in 
the corner, or possibly even down in the 
basement, in which the ether will be volatil- 
ized and from which it will be conducted to the 
patient’s nose and mouth, as if it were merely 
an unusually strong variety of nitrous oxide. 
That this idea is rapidly gaining recognition 
and acceptance is evidenced by the insuffla- 
tion method of Meltzer, the simple and 
accurate device of my colleague, Dr. J. M. 
Flint, and most recently by the anzsthetome- 
ter of Connell. 

It is at once a simpler, safer, and more 
scientific procedure to administer the gas 
which we call ether vapor than it is to handle 
liquid ether. In some observations on myself 
and others in my laboratory we merely put 
5 ccm. of ether into a bottle and blew air 
through the bottle by means of a bellows or 
rotary air blower into a large bag of a capacity 
of 20 liters. This gives an air ether mixture 
of about 5.7 per cent by volume, a little less 
than the amount needed according to Booth- 
by to maintain surgical anesthesia. In our 
experiments after obtaining preliminary rec- 

1 Boothby. J. Pharm. & Exper. Therap., ror4, v. 379. 
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ords we administered this air ether mixture 
to each other by means of a mask and pipe 
precisely as if it were nitrous oxide. We con- 
tinued the administration several times to 
the point of unconsciousness. To all of the 
subjects of these experiments it was a sur- 
prise to find that ether taken in this way, 
provided it is the best quality of ether, is not 
appreciably more unpleasant than nitrous 
oxide, which is for me rather enjoyable. 

The particular object of these experiments 
was to determine whether there is in reality 
such a difference in different samples of ether 
as some practical anesthetists believe. It 
has long seemed to me that if there is such a 
difference it must consist very largely in 
different degrees of intensity in exciting 
respiration. Some years ago I showed that in 
dogs one can administer ether so badly as to 
maintain for twenty or thirty minutes at a 
time a very excessive respiration, and that 
thereafter they were prone to a failure of 
the breathing, which without measures of 
resuscitation frequently proves fatal. Recently 
Meyer ! working with Dr. J. S. Haldane, has 
confirmed on man my claims regarding the 
eflects of pain and of ether in exciting hyper- 
pnoea. I may perhaps remind you that one 
of the great advances in physiology during 
the past few years, especially as the result of 
the experiments of Haldane and of those who 
have worked under his inspiration, has been 
the proof that ordinarily the breathing is 
controlled not by oxygen needs but by the 
COz output, that there is a large reserve of 
COz stored in the body, and that if the breath- 
ing is abnormally excited and this store con- 
siderably reduced, there is certain to follow a 
compensatory period of reaccumulation, dur- 
ing which respiration is subnormal to the 
point of cyanosis and partial asphyxia, or in 
which the breathing even fails altogether. 
Thus, in my experiments comparing different 

1 Meyer, J. Physiol., 1914, xviii, p. 47. 


389 


samples of ether, the points noted were both 
the degree of hyperpneea during a brief period 
of administration, and also the intensity and 
duration of the period of subnormal breathing 
which followed. 

Briefly stated, it was found that with a 
grade of ether such as we buy for ordinary 
laboratory use in tanks of several gallons 
there was a marked augmentation of breath- 
ing in one subject and a fairly active hyper- 
pnoea in another. With the best grade of 
ether, such as comes in small sealed cans, the 
excitant effects were comparatively slight, 
while the same ether after being kept for two 
months, with the addition of a few cubic 
centimeters of water, a ready access of air 
through a loose cork, and standing in a place 
exposed to the sunlight, gave very marked 
hyperpnoea in a sensitive subject and a con- 
siderable augmentation of breathing in in- 
sensitive subjects. Particular attention 
should be called to the fact that whenever 
hyperpnoea was induced it was followed by 
exactly such a period of subnormal breathing, 
Cheyne-Stokes respiration, and apnoea in- 
terrupted by deep gasps as is the well recog- 
nized result of acapnia, i. e. diminished CO2z, 
consequent on excessive respiration. 

Such a condition of insufficient breathing 
is an extremely common consequence of 
etherization. It adds the evil influences of 
a more or less prolonged period of insufficient 
oxygen supply to the other conditions lower- 
ing the patient’s vitality. It is clear that the 
logical procedure to prevent this is some such 
method of administering ether vapoi as Dr. 
Gatch showed to be so advantageous with 
nitrous oxide, and also some method of ad- 
ministering a sufficient amount of CO2 in 
the air breathed after the anesthesia is ended 
to stimulate respiration to a more rapid elimi- 
nation of the ether with which the body is 
saturated and to prevent apnoea or subnormal 
breathing, anoxemia, and cyanosis. 
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OBSERVATIONS ON THE GONOCOCCUS COMPLEMENT-FIXATION TEST 


EMPLOYING 


SPECIFIC AND NON-SPECIFIC ANTIGENS ' 


By B. A. THOMAS, M. D., ROBERT H. IVY, M.D., anno J. C. BIRDSALL, M. D., PatLrapELpuHiIa 


From the Department of Genito-Urinary Surgery of the Philadelphia Polyclinic Hospital and College for Graduates in Medicine and the William 
Pepper Clinical Laboratory of Medicine, University of Pennsylvania 


taken about a year since and an- 

nounced for subsequent publication 

in an article? read before the Phila- 
delphia County Medical Society, May 28, 
1913, we desire at present to summarize 
briefly the results obtained in an analysis 
of several hundred sera subjected to the com- 
plement-fixation test employing specific gono- 
coccal and non-specific antigens. 

In the performance of the complement- 
fixation reactions for suspected gonococcic 
and syphilitic infection there is little or no 
fundamental variance in the technique other 
than in the employment of different antigens. 
Whether it be the Wassermann or the gono- 
coccus complement-fixation test, one essen- 
tial stands paramount, namely, the absolute 
standardization of all substances entering 
into the reaction, and this applies more 
particularly to the gonococcic antigen, be- 
cause of its greater instability owing to 
watery extraction, than to the alcoholic 
syphilitic extract. 

An important feature of the complement- 
fixation reaction in gonococcic infections is 
the necessity of employing a polyvalent 
antigen, owing to the apparent diversity in 
the various strains of the gonococcus. Thus 
we have utilized in our studies mono-, tri-, 
hexa-, and nonavalent antigens, prepared by 
washing off in sterile distilled water forty- 
eight-hour-old cultures of gonococci grown 
on blood agar; these suspensions were shaken 
for one hour, autolyzed for twenty-four hours 
in a thermostat at temperature of 37° C., 
and heated in a water bath at 60° C. for one- 
half hour. Before use, these antigens are 
diluted 1:10 by the addition of 0.85 per cent 
salt solution. 

Although a negative reaction may be 
erroneously contradictory, a positive result 


S taken about ay to work under- 


The Gonococcus Complement-Fixation Test and Analysis of Results 
from its Use.” 


1 Read before the Philadelphia Genito-Urinary Society, January, 1914. 


is most reliable, in fact, more specific than the 
Wassermann, since thus far we have dis- 
covered no alien infection capable of pro- 
ducing a positive result, nor have we found 
any drug (as mercury in the treatment of 
syphilis) influential in negativing a positive 
reaction. These facts naturally and early 
suggested the advisability of comparative 
studies, using non-specific with the specific 
antigens in the performance of these serolog- 
ical reactions. Accordingly, polyvalent anti- 
gens were prepared from various non-gonor- 
rhoeal gram-negative and positive bacteria; 
namely, the micrococcus catarrhalis, the 
diplococcus meningitidis, the streptococcus 
pyogenes, the pneumococcus lanceolatus, the 
micrococcus albus and aureus, the colon 
bacillus, and the cornybacterium pseudo- 
diptheriz. 

The technique which we have employed 
with the greatest satisfaction is essentially 
that used in the performance of the Wasser- 
mann reaction, substituting merely a specific 
gonococcic or non-specific antigen for the 
syphilitic lipotropic antigen, always using 
the accurately standardized single-comple- 
ment unit, the required inactivations and 
the routine standardization of antigen, he- 
molytic amboceptor, and suspension of sheep’s 
red blood-corpuscles. A detailed description 
of the fundamental serological principles 
involved in complement fixation or deviation 


-will be omitted. A study of the accompany- 


ing table will, it is believed, serve to give a 
comprehensive understanding of the technique 
and actual steps of the routing performance 
of the reactions. 

Reviewing the results of our work to date 
with especial reference to a study of specific 
versus non-specific antigens to be reported in 
detail in a later communication, we have de- 
duced the following facts: 

1. Very rarely have polyvalent antigens 
prepared from meningococci, pneumococci, 
Received for publication, January 31, 1914. 
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streptococci, staphylococci, colon bacilli, or 
cornybacteria sufficed to fix complement. 
This does not jeopardize the specificity of the 
gonococcus antigen, since it is explained on 
the basis of supervention of a mixed infection. 

2. In ten per cent of sera examined a 
weakly positive result was obtained with 
polyvalent micrococcus catarrhalis antigen; in 
these cases the reaction was much more 
marked with the various gonococcic antigens. 
Thus it may be inferred that the association 
between the gonococcus and the micrococcus 
catarrhalis is not positively and absolutely 
defined; and it is not unlikely, on the one 
hand, that a culture of the M. catarrhalis 
is occasionally included in a_ supposedly 


specific polyvalent gonococcus antigen, while 
on the other it is undoubtedly true that a 
mixed infection, often due to the M. catar- 
rhalis, exists in patients suffering from 
gonorrhoea and its complications. 

3. A negative gonococcus fixation test does 
not necessarily mean that the patient is not 
infected with the gonococcus; in a primary 
uncomplicated acute case we have never 
observed a positive reaction prior to the 
sixth week, nor have we obtained positive 
reactions where the anterior urethra or 
vagina alone were involved. 

4. A positive result apparently is more spe- 
cific than the Wassermann reaction, since thus 
far we have found no diseases other than 
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gonorrhoeal in which a positive result was 
obtained. 

5. A positive reaction has been discovered 
in 21 per cent of patients supposedly clinically 
cured; such patients, therefore, should not 
be discharged from treatment or observa- 
tion until a negative response is obtained, 
provided the patient has not been the recipient 
of immunotherapy. 

6. Thirty-three per cent to seventy-five 
per cent of patients with chronic posterior 
urethritis, prostatitis, and seminal vesiculitis, 
with recurrent exacerbations, demonstrate 
a positive reaction. 

7. Sixty-six per cent of all stricture cases 
have shown a positive result. 


8. Approximately one hundred per cent 
of cases of active epididymitis or arthritis, at 
least by the fifth week, have demonstrated a 
positive gonococcus complement-fixation re- 
action. 

g. The test has proved of value in gyne- 
cology in the differential diagnosis of various 
pelvic inflammatory diseases from one another 
and from neoplastic formations; also in the 
differentiation of certain acute and chronic 
arthritides. 

10. Sociologically, the gonococcus com- 
plement-fixation test seems destined, along 
with the Wassermann, to play an important 
role in the future in determining the matri- 
monial fitness of candidates. 





NOTES ON VESICO-UTERINE TRANSPOSITION’ 


By THOMAS J. WATKINS, M. D., Cutcaco 


Y experience with the operation of 
vesico-uterine transposition dates 
from January 28, 1898,” since which 
time approximately 275 cases have 

been operated upon. Difficulties which have 
been encountered in an effort to follow these 
patients make impossible a satisfactory report 
on the present condition of more than 104 
cases. 

There has been no recurrence of cystocele 
in any of the cases. Thirteen of the patients 
have had some recurrence of the uterine pro- 
lapse. This recurrence has consisted in pro- 
trusion of the fundus uteri or of the cervix. 
In two cases where the uterus was senile and 
very small, the fundus and cervix have ap- 
peared at the vulvar orifice. These partial 
failures can be easily remedied by a secondary 
operation. In each instance these recurrences 
were apparently due to faulty judgment. The 
operation was not modified to meet the re- 
quirements of the individual case. 

These modifications will be included under 
(1) Important features in technique, (2) 
Excision of parts of the uterus. 

2 Am. Gynec. & Obst. J., 1899. 


IMPORTANT FEATURES IN TECHNIQUE 

A. Blunt dissection with scissors. Blunt 
dissection with scissors is of much service in 
separating the vaginal mucosa from the 
bladder and the bladder from the cervix, as 
well as in separation of the vaginal mucosa 
from the rectum in performing perineorrha- 
phy. With a little care the plane of fascia 
between these structures is easily found, and 
thereafter the dissection is readily done in 
tissues almost free from hemorrhage. In 
case difficulty is encountered in finding the 
plane of fascia, a short longitudinal incision 
will expose it. 

B. The transverse incision. The transverse 
incision in front of the cervix should be freely 
made to facilitate delivery of the uterus and 
favor free backward and upward replacement 
of the cervix when the fundus is anteverted. 
All bleeding vessels should be ligated at this 
time as they are not easily accessible after 
delivery of the body. 

C. Incision of the peritoneum. After the 
bladder has been separated from the cervix 
by blunt dissection, a long narrow retractor 
is inserted to elevate the bladder and expose 


1Read before the American Gynecological Society, Boston, May 20, ror4. 
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the peritoneum. The vesico-uterine fold of 
peritoneum is now readily grasped with tissue 
forceps and incised. 

D. Delivery of the body of the uterus. In 
delivering the uterus the fundus should be 
brought out first, as the diameters of the 
fundus are much less than of the anterior wall 
of the uterus. If the uterus is very large or 
the case is complicated by fibroids or disease 
of the adnexa, median longitudinal section 
through the anterior wall of the cervix and 
lower uterine segment will facilitate incision 
of the peritoneum and delivery of the body 
of the uterus. 

E. Excision of parts of the vaginal flaps. 
The hypertrophied mucous membrane that is 
frequently found near the urethra should be 
sufficiently excised to prevent subsequent 
protrusion. Enough of the vaginal flaps 
should be excised to dispose of redundant 
tissue, but enough must be left to allow ap- 
proximation without tension. The anterior 
lip of the cervix is now amputated. 

F. The suture. The first suture should 
be so placed that the hernial opening of the 
bladder will be obliterated by the transposed 
uterus. Ifan urethrocele is present, the suture 
should be passed through the vaginal flaps 
so that when tied it will draw and hold the 
urethra in its normal location. Before tying 
the first suture the uterus is reposited suffi- 
ciently to avoid strangulation. Careful ob- 
servation will show the presence of consider- 
able submucous connective tissue, which, if 
included in the suture, adds another layer-to 
the already firm wound surface. Inclusion 
of the uterine or cervical tissue in each vaginal 
stitch as suggested by Wertheim,' materially 
lessens the danger of a recurrent prolapse. 

The transverse vaginal incision should usu- 
ally be closed longitudinally, to lengthen 
the anterior vaginal wall. A complete circular 
incision about the cervix, as advocated in my 
original paper, will permit insertion of the 
suture so as to further displace the cervix 
upward and backward, and is useful when the 
vagina has become much shortened. 

Complete hemostasis is essential; low- 
grade infection by vaginal bacteria follows 
any considerable retention of wound secretion. 


1 Arch. f. Gynik., ror4, cii, 201. 


G. Perineorrhaphy. ‘The ultimate success 
of the entire operation depends largely upon 
how efficiently the perineum is repaired. The 
perineal repair should extend to the upper 
border of the levator ani, and should include 
as much of the pubic portion of this muscle 
as is possible without too much tension upon 
the sutures or excessively narrowing the 
vagina. 

MODIFIED TECHNIQUE 

I. Excision of part of the body of the uterus. 
This should be done whenever the uterus is 
very large. The excised portion should con- 
sist mostly of the anterior uterine wall. Cer- 
tain cases should include some of the fundus. 
Enough of the posterior uterine wall should 
be left to close the hernial opening through 
which the bladder protrudes. The length of 
the remaining portion of the uterus should 
be sufficient to prevent traction upon the 
cervix and shortening of the vaginal canal 
when the wound is closed. 

Il. Amputation of the cervix. This should 
be done when the cervix is much _ hyper- 
trophied, and especially when very long and 
protruding through the vaginal orifice. 

III. Excision of entire uterine mucosa. In 
cases where much of the uterine body or 
cervix is excised, the operative technique is 
simplified by excision of the entire uterine 
mucosa. Most of the cervical tissue can easily 
be excised and then the closure of the wound 
will materially shorten the broad ligaments. 
After the mucosa is excised, the uterine and 
vaginal wounds are very satisfactorily closed 
by one tier of figure-of-eight sutures. 


AFTER-CARE 

Many of the cases require the use of a 
catheter for two or three days, and occasional- 
ly as long as they are confined to bed. Early 
getting up in these cases is advisable. Eleva- 
tion of temperature sometimes results. In 
these cases the head of the bed is elevated 
and moist dressings are kept over the vulva. 
The fever disappears soon after the escape of 
some decomposed serosanguinous discharge. 

A considerable number of cases have some 
vesical irritation for two or three weeks. In 
only one instance has this bladder disturbance 
continued. The complication may be the 
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result of catheter cystitis, but is usually a 
continuation of the vesical symptoms that 
antedated the operative treatment. 


CONCLUSIONS 
Vesico-uterine transposition should be 


made before much protrusion through the vagi- 
nal orifice results, as the prolapse rapidly 
increases after this takes place; the more the 
prolapse, the greater the dangers of recur- 
rences following the operation. 


Vesico-uterine transposition cures cysto- 


cele — the most important pathological fea- 
ture. 

3. An occasional recurrence of the uterine 
prolapse will occur, except in cases where the 
vaginal canal can be practically obliterated. 
This recurrence, however, is not serious, as it 
is easily remedied. 

4. The operative technique should be 
adapted to each individual case. 


BIBLIOGRAPHY 


Batpy. Uterine and Bladder Prolapse. Am. J. 
Obst., N. Y., 1910, lxii, 9. 

BaANDLER. An Ideal Operation for Total Prolapse 
of the Uterus. J. Am. M. Ass., roto, lv, 926. 

Baver. Zur operative Behandlung Retroflexio Uteri 
u. d. grossen Prolapse. Wien. med. Wchnschr., 
1912, lxii, 1274. 

Brose. Die Resultate der Prolapsoperationen mit 
Interpositio-uteri-visico-vaginalis. Ztschr. f. Ge- 
burtsh. u, Gyniik, 1910, Ixvi, 409. 

Bucura. Uber die Verkiirzung der runden Mutter- 
biinder auf vaginalem Wege. Ztschr. f. Geburtsh. 
u. Gynik., 1901, xlvi, 334. 

CraAMER. Beitriige zur Radikaloperation des Pro- 
lapsus. Arch. f. Gynik., 1913, ci, 244. 

DODERLEIN and Kronic. Operative Gynikologie, 
Leipzig, 1905, 273. 

Diurssen. Uber die operative Heilung der mobilen 
u. fixierten Retroflexio uteri auf vaginalem Wege 
an der Hand von 207 einigen Operationsfiillen. Arch. 
f. Gynik., 1894, xlvii, 285. 

Escu. Uber Schwangerschaft u. Geburt nach 
Schauta-Wertheimscher Prolapsoperation. Gynik. 
Rundsch., 1911, v, 335. 

FRANKENTHAL. The Vaginal Operation for Pro- 
lapse of the Uterus. J. Am. M. Ass., 1909, liii, 16. 


FRUEND. Zentralb. f. Gyniik., 1896, xx, 1009. 

FRITSCH. Prolapsoperationen. Zentralbl. f. Gyniik., 
1900, XXiV, 40. 

Fromme. Neuere Arbeiten iiber die Behandlung der 


Prolapse u. d. Lage-abweichungen der Gebirmut- 
ter. Med. Klin., Berl., 1909-10, v. 1636. 


FRANQUE. Beitriige zur Operation der Prolapse 
nebst kurzen Bemerkungen zur Anatomischer 
Atiologie. Monatschr. f. Geburtsh. u. Gyniik., 


IQII, XXXill, 571. 


GYNECOLOGY 


15. 
16. 


r7: 


18. 


19. 


20. 


33: 


34. 


36. 


. MONTGOMERY. 


. WATKINS. 





AND OBSTETRICS 


Fucus. Dauererfolge der Interpositio-uteri-visico- 
vaginalis. Gynik. Rundsch., 1909, iii, 268. 
Gorre. The Treatment of Prolapse of the Uterus 


with Attendant Cystocele and Rectocele. 
Obst., N. Y., 1912, lxvi, 443 

HAns. Die “Fliigelung” des Uterus a la Radikal- 
operation des Vorfalls. Zentralbl. f. Chir., 1912, 
XXxiX, 534. 

Harris, M. L. A New Operation for Prolapse of the 
Uterus. J. Am. M. Ass., 1910, liv, 1605. 

HELLIER. Discussion of the Operative Treatment 
of Procidentia. Tr. Glasgow Obst. & Gynec. Soc., 
IQI2. 

Jotty. Die Operation des Prolapsus-uteri-totalis. 
Zschr. f. Geburtsh. u. Gyniik., 1910, lxvi, 19. 

Kronic. Bemerkungen zur Prolapsoperation. Arch. 
f. Gynik., 1911, xcii, 83. 

Lauwers. L’exohysteropexie dans le traitément du 
prolapsus uterin. Bull. Acad. Roy. de Méd., 
Belg., 1911, xxv, 743. 


Am. J. 


. LICHTENSTEIN. Technisches zur  Schautaschen 
Prolapsoperation. Arch. f. Gyniik., 1909, Ixxxviii, 
236. 


. Léwir. Interpositio-uteri-visico-vaginalis (Wertheim- 


Schauta) nach Keilresektion oder vaginaler Ampu- 
tation des Uterus. Zentralb. f. Gyniik., 1911, p. 304. 

Martin, F. H. Prolapse of the Uterus. J. Am. M. 
Ass., 1913, lxi, 1246. 

Mayo, W. J. Surgical Treatment of Prolapse of the 
Uterus and Walls of the Vagina. J. Am. M. Ass., 
1912, lix, 1421. 

Vagino-Uterine Prolapse and _ its 

Effective Treatment. J. Am. M. Ass., 1913, lxi, 
1245. 

Norris, R. C. Surgical Treatment of Complete 
Prolapse of the Uterus. Penn. M. J., 1912-13, 
XVi, 300. 

SCHARPENACK. Zentralb. f. Gynik., 

SCHAUTA. Uber Prolapsoperationen. 
sch., 1909, iii, 729. 

SoMERS. Casey Vacant Prolapse in Elderly Women. 
J. Am. M. Ass., 1911, lvii, 1883. 

SrorcKeL. Uber die Wertheim-Schautasche Pro- 
lapsoperation. Arch. f. Gyniik., 1910, xci, 546. 
Uber die Wertheim-Schautasche Prolapsoperation. 
Ztcshr. f. Geburtsh. u. Gyniik., 1912, lxxi, 212. 

Stone. An Improved Method of Treating Prolapse 
of the Uterus and Bladder. Am. Gynec. & Obst. 
J., 1900, lviii, 953. Cystocele. Am. J. Obst., 
N. Y., 1908, lviii, 953. 

Viotet. L’Utilization plastique de [Uterus par 
inclusion inter-vesico-vaginale dans la cure des 
prolapsus. Genitaux Rev. de Gynec. et. de Chir. 
Abd., Par., 1909, xiii, 981. L’Operation de Schauta- 
Wertheim dans la cure des Prolapsus Genitaux. 
Lyon méd., 1911, cxvii, 888. 

The Treatment of Cystocele and Uterine 

Prolapse after the Menopause. Am. Gynec. & 

Obst. J., 1899, xv, 420. St. Luke’s Hosp. Reports, 

Chicago, 1906, January. Treatment of Cases of 

Extensive Cystocele and Uterine Prolapse. Surg., 

Gynec. & Obst., 1906, ii, 659. The Operative 

Treatment of Cases of Extensive Cystocele and 


1907, No. 36. 
Gynik. Rund- 


Uterine Prolapse. Surg., Gynec. & Obst., 1900, 
viii, 471. 
WEIBEL. Die operative Behandlung der Rezidive 


nach der sog. Interpositio-uteri-vesico-vaginalis. 
Zentralbl. f. Gynik., 1913, xxxvii, 1808. 











DEPARTMENT OF TECHNIQUE 


THE RONTGEN DIAGNOSIS OF DUODENAL ULCER! 


A COMPARISON OF THE DIRECT AND INDIRECT METHODS 


By ARIAL W. GEORGE, M.D., anp ISAAC GERBER, M. D., Boston 


RECENT paper by Dr. R. D. Carman on 

“The Radiologic Signs of Duodenal 

Ulcer’ has seemed to the writers an in- 
sufficient expression of the present status of the 
réntgen diagnosis of duodenal ulcer. 

Carman reports 198 cases of duodenal ulcer, 
operated on at the Mayo Clinic, all of whom had 
a preliminary réntgen examination. Out of this 
large number he was able to make a definite 
diagnosis of duodenal ulcer in only 135 cases. 
In other words, the failures of positive diagnosis 
amounted to approximately 32 per cent. The 
published work of Cole and of the writers does 
not show such a large percentage of diagnostic 
failures when the modern direct method of 
duodenal diagnosis has been used. 

In order to explain better our position in this 
matter, we shall briefly outline the development 
of the present two schools of réntgen bismuth 
study, especially as related to the diagnosis of 
duodenal ulcer. The pioneers in this work, who 
were largely Germans and Austrians, were forced 
by the necessities of their clinics to depend upon 
the fluoroscope almost entirely. As a result, the 
early fundamental work was based upon signs and 
findings that could be brought out largely by 
fluoroscopic study. In consequence, the basis of 
diagnosis gradually developed into what might be 
called ‘‘symptoms-complex’’; that is, a number of 
fluoroscopic signs largely of a functional nature 
were grouped together, and upon them diagnoses 
were founded. Among these signs were exag- 
gerated or lessened peristalsis, antiperistalsis, 
increased or diminished emptying-time of the 
stomach, spasm, six-hour gastric residue, pres- 
sure-tender points, etc., as well as the clinical 
history. This method of study is the indirect 
method of bismuth diagnosis. 

As a result of this study, much valuable data 
was obtained, and great progress was made in the 
diagnosis of surgical conditions of the gastro- 
intestinal tract. It has been found, however, 

2J. Am. M. Ass., 1914, Ixii, 980. 


that this method of study, especially when applied 
to the pyloroduodenal region, is frequently in- 
adequate. Many cases may be classed as nega- 
tive, which might yield positive pathological data 
if a more careful method of investigation were 
used. That is to say, errors of diagnosis are not 
so much errors of commission as errors of omis- 
sion. In consequence, many investigators, espe- 
cially Americans, have felt that a more careful 
study of the above-mentioned region was neces- 
sary to detect these overlooked cases. 

The meal which had been used by the Continen- 
tal observers, and which is still used by most of 
them, was the standard Rieder meal. This con- 
sists of 40 gm. of bismuth subcarbonate in about 
300 ccm. of cooked cereal. Later this was modi- 
fied to contain an equivalent amount of barium 
sulphate. Thousands of observations have been 
recorded at different clinics with this meal, and 
naturally much valuable data was accumulated. 
This meal, however, was too coarse and stiff to 
satisfactorily fill out the duodenum long enough 
to allow it to be observed directly. Gradually the 
experience of many réntgenologists led them to 
the use of artificially prepared buttermilk. This 
was desirable, not only because it very easily 
filled out folds and crevices in the parts to be 
examined, but it was easily obtainable, quickly 
prepared, and quite palatable. Incidentally, it 
was found that the bismuth meal was kept in a 
liquid form, with buttermilk, for a much longer 
time throughout the intestinal tract than by 
previous meals. As a consequence, the constant 
demonstration of the appendix, among other 
conditions in the right lower quadrant, was made 
possible. 

It was found necessary with the improved meal 
to use two to three times the amount of bismuth 
contained in the Rieder meal. The writers, for 
instance, have used go to 100 gm. of bismuth 
subcarbonate in a mixture of 500 ccm. of artificially 
prepared buttermilk and water. As a result of 
the marked variation of bismuth it is impossible 


1 Read in part at the opening meeting of the Réntgen Society of New England, Boston, May 6, 1914. 
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to use the same functional data for diagnosis. 
That is to say, conclusions drawn as to rapidity 
of emptying, six-hour gastric stasis, position of the 
head of bismuth in the colon at six hours, etc., must 
be entirely disregarded. 

This is a point which has not been properly 
appreciated by many réntgenologists. They have 
used various kinds of meals,— not only butter- 
milk, but malted milk, plain milk, water, mashed 
potato, etc..— and have varied the amount of 
bismuth or barium, and yet have attempted to 
apply to their work the conclusions based upon 
the observation of functional disturbances in 
thousands of cases done under the Rieder tech- 
nique. Obviously, this is incorrect. The only 
proper course left for one who wishes to use these 
functional data is to accumulate a large number of 
cases, done with more satisfactory mixtures, and 
check them up with operative results. This has 
been done, it is true, by Carman with his tre- 
mendous clinical material. He undoubtedly has 
a right to draw certain conclusions as to motility 
of the stomach and intestines with his technique. 
However, as we have stated above, his results 
with duodenal ulcer (32 per cent errors) do not 
warrant placing any reliance upon this indirect or 
inferential method as a dependable basis for the 
positive diagnosis of this condition. 

The opposite school which has developed may 
be called the school of direct diagnosis. It is the 
morphological school. Its object is not to study 
the secondary or indirect manifestations of an 
organic lesion, but to demonstrate, if possible, the 
actual anatomical lesion itself. We have found 
by experiment that buttermilk mixtures are best 
suited for such study. 

This method of diagnosis, when applied to the 
problem of duodenal ulcer, has yielded results of 
a positive nature that have not been reached by 
indirect methods in the hands of any investiga- 
tors. Indeed, the European observers have been 
frank to admit that the positive diagnosis of 
duodenal ulcer by means of the réntgen ray is 
still an impossibility. Holzknecht and Haudek, 
in their last published work,! confess that they are 
‘‘satisfied in the doubtful cases with a diagnosis of 
‘peripyloric’ ulcer, without attempting a differ- 
entiation between post-pyloric and pre-pyloric 
ulcers.” 

The published results of work done by Cole and 
by the writers have certainly given sufficient 
basis for our contention that the direct method of 
study of duodenal ulcer will yield a far greater 
percentage of correct diagnoses than the indirect. 


1 Holzknecht and Haudek, Fortschr. a. d. Gebiete d. Réntgenstrahl., 
1014, Xxi, 636. 


We shall now consider, in somewhat more de- 
tail, the data upon which the indirect method of 
diagnosis has been based. We shall follow the 
signs as outlined by Carman, partly because his 
report contains the largest number of operated 
cases with réntgen control that has ever been 
published, and partly because his study of the 
indirect data is as careful a presentation of this 
method of diagnosis as has appeared. He divides 
the réntgen signs into ‘‘major” and “minor” 
groups. His “major” signs consist of increased 
gastric peristalsis, six-hour bismuth residue, and a 
demonstrable diverticulum of the duodenum. 

Gastric hyper peristalsis is a sign that has been 
emphasized more than any other as a dependable 
basis for the réntgen diagnosis of duodenal ulcer. 
As we have already stated in an earlier paper, 
“abnormally marked peristalsis is an important 
sign if it is found.” The difficulty is that even 
with Carman’s large series of cases it was present 
in only 57 per cent of his proved cases of duodenal 
ulcer. It can undoubtedly be produced by other 
conditions than duodenal ulcer. Among these 
are pyloric stenosis due to other causes, such as 
early carcinoma, and also abnormal nervous 
influences. We have certainly seen most violent 
hyperperistalsis at times in individuals with no 
organic disease present. We believe this is a very 
treacherous basis upon which to found a diagnosis 
of duodenal ulcer. Its presence is merely sug- 
gestive, and its absence certainly does not war- 
rant a negative diagnosis. 

Six-hour bismuth residue in the stomach depends 
to a large degree, as we have already stated, upon 
the character of the bismuth meal used. Un- 
doubtedly, the large number of réntgen exam- 
inations made by Carman has enabled him to 
attach a definite significance to the presence of 
six-hour stasis with his particular meals and tech- 
nique. However, he found this residue in only 
36.3 per cent of his cases of duodenal ulcer. This 
corresponds fairly closely with the observations 
of many other investigators. Indeed, Holzknecht 
and Haudek * found this residue in only 20 per 
cent of their duodenal ulcers. Thus we see that, 
at the very best, about two-thirds of the cases 
will give us no positive information as regards 
this particular diagnostic point. 

The diverticulum of the duodenum, so-called, 
is undoubtedly important if it is present. Car- 
man found it in only two cases out of 198. The 
writers have seen this condition in about six 
cases. Its rarity does not enable it to be depended 
upon as a constant factor in diagnosis. Inci- 


2 George and Gerber, Am. Quart. Réntgenol., 1913, iv, 187. 
3 Loc. cit., p. 636. 
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dentally we do not believe that this diverticulum 
is due at all to penetrating ulcer, in the sense that 
““Haudek’s niche” is produced by penetrating 
gastric ulcer. Such a penetration is extremely 
rare with duodenal ulcer. In our experience these 
diverticula have been caused by the pull of ad- 
hesions for a considerable length of time, which 
finally resulted in the production of small sac- 
culations. Sometimes also such sacculations may 
be the result of a cicatrizing process which involves 
all the duodenal cap except one small section in 
which the bismuth remains (Fig. 11). 

We must therefore conclude, in regard to these 
so-called “‘major’”’ signs, that the one which is 
considered most valuable, gastric hyperperistalsis, 
leaves us without any help in at least 43 per cent 
of cases. The combination of hyperperistalsis 
and six-hour residue, although found in only 24.7 
per cent of his cases, is, according to Carman, 
‘“‘worth more than g5 per cent in the diagnosis of 
duodenal ulcer.’’ This statement, on the face, 
of it seems hardly compatible with his statistics. 

Again, he states that “the combination of 
hyperperistalsis and six-hour residue or a diver- 
ticulum, when found in an otherwise normal 
stomach, constitutes about the only evidence on 
which a purely radiologic diagnosis of duodenal 
ulcer may safely be advanced.” If this be true, 
then in at least 75 per cent of cases a purely 
rontgen diagnosis is impossible. The results of 
the direct method certainly do not support this 
statement. 

As a matter of fact, we do not feel that these 
alleged “‘ major” signs are of any value as depend- 
able aids for positive diagnosis in every instance. 
This is the conclusion that must be drawn from 
Carman’s own published statistics. 

When we come to the study of what he calls the 
“minor”’ signs in réntgen diagnosis, we certainly 
agree with him as to their relatively inferior value 
in all but one instance, which we shall consider 
at the end. 

Hypermotility of the stomach is a sign which we 
agree is by no means pathognomonic of ulcer, 
since it occurs in achylia gastrica, carcinoma, 
and various motor neuroses. In duodenal ulcer, 
as we have explained in a previous publication, the 
presence of hypermotility results from a balance 
which exists between the physiological tendency 
towards rapid emptying of the stomach from 
duodenal irritation on the one hand and _ the 
mechanical obstruction from the cicatrized por- 
tion of the duodenum on the other hand. The 
results are so confusing that they offer no basis 
for definite conclusions to be applied to any 
particular case. 


DIAGNOSIS OF DUODENAL ULCER § 397 


Hypertonus of the stomach, the presence of 
pressure-tender points, and the lagging of bismuth 
in the duodenum are undoubtedly all minor signs 
in the réntgen diagnosis of duodenal ulcer. No 
one of them gives any pathognomonic evidence, 
and any strict reliance upon these signs is certain 
to lead to errors of diagnosis. 

When, however, we consider the last ‘‘ minor”’ 
sign, namely, deformity of the outline of the 
duodenal cap, we feel that we must emphatically 
protest against including this among minor signs. 
There has been already too many loose state- 
ments about irregularity and deformity of the 
duodenum, and their value in the diagnosis of 
duodenal ulcer. The word “‘irregularity’’ does 
not convey sufficiently the idea as to just what we 
are attempting to demonstrate by the direct 
study of these cases. What we try to show in 
every instance is either a normal duodenum or 
the exact size, extent, and character of the actual 
duodenal ulcer. The entire problem revolves 
about the method of study of the duodenum. 

In the application of the réntgen ray to surgery 
generally, the development has always been along 
the lines of attempting to get real positive data 
and eliminating all bases for diagnosis that were 
uncertain and indefinite. This trend is seen al- 
ready in the réntgen study of fractures, of bone 
diseases, and of renal calculi. The same point of 
view is equally true when applied to duodenal 
ulcer. The only basis for definite opinion should 
be the actual demonstration of a normal or an 
abnormal duodenum. The direct school of rént- 
gen diagnosis disregards all the indirect, so-called, 
“major” or “minor” signs, and restricts itself 
to one problem; namely, the attempt to demon- 
strate adequately the anatomical condition of the 
duodenum and the determination as to whether 
the duodenum so demonstrated is normal or 
pathological. This problem is largely one of 
careful and exact technique. 

The fluoroscopic method, when applied to the 
study of duodenal ulcer from this strict point of 
view, is entirely unsatisfactory. It is true that 
sometimes the duodenum can be seen in its 
entirety, but it can never be seen for a long enough 
period of time to satisfy one as to its anatomical 
completeness; and it certainly cannot be shown in 
all cases. In the standing position, in which the 
fluoroscope is ordinarily used, this demonstra- 
tion is usually impossible. All that can be shown 
is the jet of bismuth into the cap, which is speedily 
emptied. 

It is only with the plate method, carefully 
carried out, that the duodenum can be demon- 
strated in its entirety. We do not for a moment 
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mean to infer that the fluoroscopic study of the 
gastro-intestinal tract is worthless. The fluoro- 
scope undoubtedly has its valuable applications 
in the study of the stomach and many other parts 
of the alimentary tract. However, when it comes 
to a study of the duodenum and the problems 
involved in duodenal ulcer, the fluoroscope must 
really be considered as of little value. 

Serial réntgenography is really the ideal way of 
studying these cases, but it is not necessary always 
to take an extremely large number of plates; only 
enough plates need be taken as will convince the 
investigator of either the normal condition of the 
duodenum or its constant abnormal condition. 
No set rules can be given as to the position of the 
patient during examination. All the positions — 
prone, standing, and lateral — may have to be 
used in order to obtain the desired information. 
The exact procedure to be followed must be 
worked out in each individual case as it goes 
along. This requires the use of rapid developers 
and the development of plates constantly during 
the course of the examination. Of course this is 
a more troublesome process than the indirect 
method, but the more accurate results obtained 
are certainly worth the slight extra trouble and 
expense. 

The writers were the first to emphasize the 
value of the Jateral view in the study of the duo- 
denum. We believe that this is the most impor- 
tant single method known that will adequately 
demonstrate the duodenum every time. The 
technique is very simple. The patient lies on the 
right side, upon a small plate with an intensifying 
screen. The rays enter the left side of the patient. 
It is advisable to use the smallest cone and dia- 
phragm obtainable, and the cone must be placed 
almost in contact with the left side. The length 
of time of the exposure depends upon the size of 
the patient. In general, it should be about twice 
as long as is necessary to obtain a satisfactory 
plate of the same patient in the prone position. 

With this technique not only the first portion 
of the duodenum, but the descending duodenum, 
and in many instances the transverse portion, are 
readily brought into view (Fig. 2). In well- 
nourished persons this position is the only one 
that will bring out the first portion of the duode- 
num satisfactorily. These people usually have 
the steer-horn type of stomach, with the pylorus 
and duodenum held over to the right, behind the 
antrum. These regions are not brought well into 
view when plates are taken, or fluoroscopic ex- 
amination is made, in either the prone or standing 
positions. 

Likewise, the lateral position is of value in 


SURGERY, GYNECOLOGY AND OBSTETRICS 


those cases where there is pylorospasm. Here the 
force of gravity is added to the peristaltic force 
of the stomach, and the weight of the meal will 
relax the spasm and enable the duodenum to be 
well filled out. This sometimes may require an 
hour or more to wait, and in rare instances may 
even require a repeated examination on another 
day; but at some time the spasm will relax and 
the duodenum will fill out. This renders possible 
an opinion as to whether a spasm is the result of 
duodenal ulcer or not. 

We will briefly outline our position as regards 
the direct demonstration of duodenal ulcer. In 
the first place, 95 per cent of all duodenal ulcers, 
as is well known, occur in the first portion of the 
duodenum. Therefore, careful anatomical study 
of this part, as outlined with bismuth, affords us 
the opportunity of studying the great majority of 
ulcers. The smaller group, which is found in the 
descending and transverse portions of the duode- 
num, likewise give réntgen signs which are quite 
definite. 

The first portion of the duodenum, as we have 
frequently maintained, has a very constant ana- 
tomicalstructure. Italways has a regular contour 
and smooth mucous membrane, unless there is 
actual disease present. This anatomical con- 
stancy is seen in the definite bismuth picture 
which is obtained of the ‘duodenal cap.” This 
cap shows a smooth outline, more or less triangu- 
lar or elliptical in shape (Fig. 1). There is no 
trace of the serrations due to valvule conniventes, 
such as are found in the descending and transverse 
duodenum. This normal cap can be found and 
demonstrated in every normal individual. There 
is absolutely no exception to this statement. We 
have shown a characteristic cap even in a nine- 
days-old infant. 

Many roéntgenologists have believed that the 
characteristic normal duodenal cap could not be 
demonstrated every time in normal persons. 
This failure is due in every instance to either 
improper bismuth mixtures, improper technique, 
or both. The Rieder meal, we know, will fre- 
quently fail to show this cap. Buttermilk will 
always fill it out, if normal, at some time during 
the examination. In many cases, especially in the 
steer-horn stomachs, as above mentioned, the 
duodenum will not come into view in either the 
prone or standing positions. In such cases the 
lateral view is especially helpful. If buttermilk is 
used and the lateral position is applied, the cap 
can be demonstrated in every instance if the duo- 
denum is normal and if enough plates are taken. 
We must repeat, there is no exception to this 
statement. 
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Fig. 1. Normal duodenum in a thin woman. Proved 
by operation for other purposes. (Operation by Dr. 
Godfrey Ryder.) A, first portion of duodenum. B, de- 
scending duodenum. C, transverse duodenum. Note 
the varying character of the three portions. 


As a result, any defect or deviation from this 
outline, if found constantly on a number of plates, 
can be regarded as a pathological condition. 
Sometimes the characteristic deformity, due to 
duodenal ulcer, is so striking as to be unmistak- 
able. At other times the distortion may be de- 
ceptive. The only feature that must be insisted 
upon is the constancy of the deviation from the 
normal contour. One plate showing a definitely 
normal cap rules out the possibility of indurated 
ulcer here, even though all the other plates show 
apparent abnormalities. 

Spasm is one of the big sources of error. With 
spasm, however, we do not obtain the character- 
istic ulcer deformity. Instead there is usually a 
very incomplete filling of the cap, varying from 
one plate to another. At some time during the 
examination, especially with one of the lateral 
views, a normal cap will be obtained. 

Pressure from other organs, or from abnormal- 
ly placed blood-vessels, will sometimes distort 
the cap; but it will always be smoothed out in 
some one of the positions. 

When gall-bladder adhesions are present, the 
cap will usually be completely filled out, but fixed 
to the subhepatic region. The fixation of the 
duodenum and antrum is especially demonstrable 
by manipulation under the fluoroscope. Some- 
times the cap will show the definite serrations due 


Fig. 2. Lateral view of normal duodenum ina man weigh- 
ing over 200 pounds. The three portions of the duodenum 
are seen almost as clearly as in Fig. 1. 


to the pull of these adhesions. Again, the en- 
larged gall-bladder, especially when filled with 
stones, may leave a concave impression on the 
duodenum. In some cases evidence of gall- 
bladder adhesions will be present together with 
the deformity of the duodenal ulcer. These cases 
are often confusing. Small adhesions from the 
gall-bladder or liver may be overlooked, but the 
ulcer deformity is practically always recognizable. 

The duodenal ulcers themselves usually show a 
characteristic bismuth deformity of the cap on 
one side, with an incutting on the other side very 
similar to the ‘‘incisura’’ seen with gastric ulcers 
(Fig. 5). Dr. William Mayo! has carefully 
studied the pathology of a number of excised 
duodenal ulcers. He found that in these cases the 
characteristic and striking process present was a 
very abundant connective-tissue formation in the 
deep layers. This cicatrix is always out of pro- 
portion to the minute mucosal defect which is 
usually present. It is just this disproportionately 
big cicatrix that we demonstrate by its effect 
in deforming the contour of the bismuth mass. 
Recently, in an increasingly large proportion of 
these cases, we are beginning to show not only 
the effect of these cicatrices, but the actual 
mucosal defect itself, small as it is. When care- 
ful plates are taken, especially in the lateral 
position, a tiny stream of bismuth can be fre- 


1 Mayo, Ann. Surg., 1913, lvii, 691. 
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Normal duodenal cap in a patient who proved 
(Operation 
by Dr. John Bottomley.) Note the hyperstalsis, although 
there was no duodenal ulcer. 


Fig. 3. 
at operation to have tuberculous peritonitis. 


quently found entering the actual crater of the 
ulcer. We have demonstrated this actual mucosal 
defect in a case where it was almost of pin-point 
size (Fig. 6). We thus see that the direct or 
positive diagnosis of duodenal ulcer depends upon 
the actual demonstration by the plates of a char- 
acteristic deformity of the duodenum due to 
connective-tissue formation, and if possible the 
demonstration of bismuth entering the actual 
defect in the mucous membrane. 

The negative aspect of this method of diagnosis 
is equally important. If a normal duodenal cap 
and a normal descending and transverse duode- 
num are shown, we feel warranted in stating 
definitely that there is no indurated or surgical 
duodenal ulcer. That is to say, we feel quite 
positive from the presence of these normal 
appearances that there cannot be any stenoses, 
sacculations, penetrating erosions, cicatrices, con- 
nective-tissue formation, etc. Therefore it is 
obvious that no chronic duodenal ulcer can be 
present. 

At this point we are reminded of Carman’s 
classification of the duodenal ulcers as he saw 
them at operation. His second and third classes 
consist of ulcers which have visible scar produc- 
tion, with more or less extensive adhesions, ete. 
These he will probably admit can be shown by the 
direct method of réntgen study. His first class 
consists of ulcers which ‘were evidently limited 
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Normal stomach and duodenum, lateral view. 


Fig. 4. 
A, first portion of duodenum. 


to the mucosa, and not seen externally because 
of the absence of scar tissue.”’ According to his 
own admissions, however, their presence at opera- 
tion was determined by the surgeon through 
palpation. If so, then there must have been 
some overproduction of connective tissue. Such 
being the case, we are quite positive that this 
class of ulcer can be demonstrated upon plates if 
the proper technique be used. It is just this 
overproduction of connective tissue that gives the 
characteristic deformity we have spoken of above, 
even though it occurs in a very slight degree. 
The réntgen method always exaggerates deform- 
ity, and in this instance a very small actual de- 
formity in the duodenum might be exaggerated 
by the bismuth so as to give apparently a very 
considerable defect. This defect, however, will 
be of a very definite and characteristic formation, 
and it will be constant. 

The only possible type of duodenal ulcer that 
cannot be shown is a kind not mentioned by 
Carman. This is the true simple duodenal ulcer, 
such as is found at autopsy with severe toxic 
conditions, such as uremia or the toxemia fol- 
lowing a severe burn. These are truly limited to 
the mucous membrane, and they cannot be felt by 
the palpating finger from the peritoneal surface. 
It is only this type of ulcer that cannot be demon- 
strated by the réntgen ray. This, however, is not 
the sort of ulcer that gives symptoms; it is not the 
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Fig. 5. A, characteristic ulcer of superior border of Fig. 7. A, large ulcer of first’ portion of duodenum. 
duodenum. (Operation by Dr. John Bottomley. ) (Operation by Dr. John Bottomley.) 
duodenal ulcer with which clinicians are con- We have now had, up to date, 82 operated cases 


cerned; and it certainly is not the type with which — of duodenal ulcer, all of which were previously 
surgeons can have anything to do. We therefore examined by our method. This covers a period 
feel confident in stating that the demonstration of time extending from September 1, 1912, to 
upon plates of a normal duodenum definitely | April 15, 1914. These operations were performed 
rules out the possibility of indurated or surgical by a number of surgeons in this vicinity. Out 
duodenal ulcer. of this number a correct diagnosis of duodenal 








lig. 6. .A, first portion of duodenum, containing an ulcer. Fig. 8. A, ulcer of duodenum. B, antrum pylori. 
Arrow points to bismuth entering mucosal defect, which — Plate taken with patient prone. Hyperperistalsis was 
Was of pin-point size. (Operation by Dr. D. F. Jones.) present here. 
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Fig. 9. Same case, standing. Shows the difficulty of 
filling out the antrum and duodenum, because of pre- 
cipitated bismuth. <A, first portion of duodenum. B, 
antrum. 


ulcer, with its exact location and extent, was 
made in 78 cases. In 3 of the cases a diagnosis of 
duodenal ulcer was made, but there was a failure 
in several minor details, as follows: 

CaAsE 1. R6ntgen diagnosis was ‘ulcer on 
inferior border of duodenum and a penetrating 
ulcer on superior border.” At operation the first 
ulcer was present, but the second defect was 
found to be a sacculation due to adhesions. 

CASE 2. R6ntgen diagnosis of duodenal ulcer. 
At operation a thickening was found in the 
duodenum, but no external evidence of scar was 
seen. 

CASE 3. R6ntgen diagnosis of duodenal ulcer. 
The ulcer was found at the pylorus, with a 
cicatrix extending both into the duodenum and 
the antrum pylori. 

In one case only of the series was there an 
absolute failure in diagnosis. In this case the 
diagnosis of duodenal ulcer was made in spite of 
the fact that one of the lateral views showed a 
normal duodenum. The incomplete filling seen in 
the other plates was the result of a spasm probably 
reflex to a chronic appendicitis, which was found 
at operation. In this case the error in diagnosis 
was due not to the deficiencies of the method 
itself, but to carelessness in interpretation. The 
one single plate showing a normal duodenum is 
thus sufficient to overthrow any diagnosis of 
indurated duodenal ulcer. 


As regards the negative aspect of the method, 
we have now had approximately 150 other oper- 
ated cases, in which we had previously reported 
a negative duodenum. When these cases came to 
operation for various other conditions, in not one 
of them was a duodenal ulcer found. In one 
autopsy duodenal ulcer was found where the 
rontgen examination was negative. 

It is thus obvious that with the direct method 
it is possible to achieve results in the diagnosis of 
duodenal ulcer, compared with which the indirect 
method, with its large percentage of errors in 
capable hands, certainly offers no encouragement. 
It is also certainly true that the demonstration 
of the actual lesion, far from being a ‘*minor” 
sign, is really the one and only dependable basis 
for the diagnosis of indurated duodenal ulcer. 


SUMMARY 


In the réntgen diagnosis of duodenal ulcer two 
methods of study have gradually developed. 
These are the direct and the indirect methods of 
diagnosis. The indirect method, generally used 
by European observers, is based upon a considera- 
tion of ““symptoms-complex.” These are groups 
of signs, usually of a functional nature, which 
have been found associated with organic lesions. 

The direct method disregards this evidence 





lig. 10. Same patient, lateral view. A, characteristic 
deformity due to cicatrix of ulcer, seen much more clearly 
than in prone position (lig. 8). (Operation by Dr. H. 
H. Germain.) 
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entirely, and merely determines the normal or 
pathological condition of theduodenum. Thiscan 
be done only with careful attention to technique. 
From this strict point of view, fluoroscopy is very 
unsatisfactory. Repeated plates are much more 
valuable. They must be taken in the prone, 
standing, and especially the lateral, positions; 
and from these plates the anatomical condition of 
the duodenum is determined. 

A normal duodenum can always be shown if 
proper technique and proper bismuth mixtures are 
used. The demonstration of a normal duodenum, 
even on a single plate, rules out the presence of 
indurated or surgical ulcer. 

Duodenal ulcers show a characteristic de- 
formity, due to connective tissue, with often a 
stream of bismuth seen entering the mucosal 
defect. 

Of 82 operated cases of duodenal ulcer an 
exact diagnosis was made in 78 cases. In 3 cases 
duodenal ulcer was reported, but there were minor 
errors of diagnosis. In one case there was a 
complete failure of diagnosis. 

Of 150 operated cases in which a negative 
réntgen diagnosis was made duodenal ulcer was 
not found in any case. 

In one autopsied case a duodenal ulcer was 
found, where the previous report had been 
negative. 

The results of the direct method are far superior 
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Fig. 11. A,sacculation due to almost complete oblitera- 
tion of the first portion of the duodenum by cicatrix. B, 
descending duodenum. (Operation by Dr. A. kK. Paine.) 


to those of the indirect method, even in the best 
of hands. 

The actual demonstration of the lesion itself 
is the only important factor in the diagnosis of 
indurated duodenal ulcer. 
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THE OPEN METHOD IN THE 


REDUCTION OF FRACTURES 


By W. RUSSELL MacAUSLAND, M. D., Boston 


Surgeon-in-Chief, Orthopedic Department of the Carney Hospital 


DISCUSSION of the treatment of frac- 
» tures, particularly the advancement in 
such treatment, is always of interest to 
the general practitioner, as well as to the surgeon, 
but probably no part of general practice is so 
much avoided, or at least accepted with as great 
hesitation. There has been a great deal written 
of late on fracture treatment. Many of these 
articles stand out as_ brilliant monographs, 
notably those of Lane, while others are recapitu- 
lations. It is, of course, impossible for me to 
discuss and illustrate more than certain lines of 
development in the treatment of fractures which 
I feel are of importance. We all have had cer- 
tain principles in fracture treatment so thor- 
oughly drilled into us in our school and hospital 
training that it is hard to accept new ideas, 
but with the progress of asepsis and operative 
technique much is being accomplished in surgery 
that has heretofore seemed hopeless. Within 
five years, surgeons have been considered radical 
who have intervened surgically in the treatment 
of simple fractures. I know, on the other hand, 
that many surgeons with little judgment and 
surgical skill have attempted the operative 
treatment of fractures, and, aside from fre- 
quently obtaining sepsis in the wound, have 
often added foreign material to suppurate later. 
The method of reduction by manipulation, 
“closed reduction,” is not without danger to 
vessels, nerves, and muscle, besides often not 
attaining the desired end; i. e., the return to 
proper alignment. As an illustration of this, 
take the usual fracture of the femoral shaft in 
which end-to-end apposition is rarely attained. 
There are out of a large proportion of fracture 
cases that one sees a certain percentage that 
have given unsatisfactory results by following this 
“conservative”? method. It is concerning these 
types of fractures that I shall speak. 

This small group should, I believe, asa routine, 
be subjected to an open incision and an anatom- 
ical reduction of the fragments. Aside from the 
return to proper alignment, there always should 
be considered the question of joint strain, as is 
strikingly seen in orthopedic surgery more than 
in general surgery. The general surgeon treats 
his fracture of the femur and gets union and often 
never sees the patient again. Years after, an 
orthopedist finds the patient with scoliosis 


resulting from a short leg. A shortening of one- 
half to three-quarters inch in a growing child 
causes joint strain, resulting in the development 
of structural deformities. Nevertheless, the sur- 
geon considers one-half inch shortening a good 
result. Personally. I have reached the stage 
where I subject all fractures of the femur, except 
in the infant, to reduction by the open method. 
There has always been the dread of introducing 
sepsis in the open fracture wound. I can combat 
this point only by calling attention to the parallel 
reluctance of the surgeon to open the knee-joint. 
It has been only within the last ten to fifteen 
years that fractures of the patella have been 
subjected to operative interference as a routine, 
yet it has been well recognized that in order to 
get a true bony union in patella fractures not 
stellate in character, operative interference must 
be undertaken. 

Up to the time Mr. Lane began insistently to 
champion the open treatment and the use of 
plates, strong prejudice against the open treat- 
ment of fractures existed. This was justified 
partly by results and partly by tradition. Strict 
asepsis and non-travmatic technique became 
recognized as all-important. A surgeon thus well 
founded has the moral right to treat any fracture 
by the open method and does not thereby add to 
the existing dangers. The advent of the open 
method may, however, bring many disastrous 
results unless proper asepsis has been carried out. 
With asepsis we can open safely a fracture and 
skillfully reduce it with less damage to the sur- 
rounding parts than by manipulation. 

Undoubtedly, this is the greatest advance that 
has been made since the advent of bone-plating. 
I feel strongly that too many metallic splints are 
being used. Osteomyelitis and irritation from 
loose screws and metallic material in contact 
with bone may sooner or later occur. Just as is 
seen occasionally in old cases of excision of the 
knee in which silver wire has been used, discharg- 
ing sinuses may open ten to fifteen years after 
the insertion of the wire. Rarely, therefore, | 
believe, isit necessary to plate—only in exceptional] 
cases where position cannot be held following re- 
duction by manipulation or open method even 
when held with some absorbable material; in 
other words, plating is the method of last resort. 

Radiograms as routine should be taken before 
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Fig. 1. Cheever (a). Fracture seventh metacarpal Fig. 2. Cheever (b). Fracture seventh metacarpal shaft 
shaft with fracture dislocation of proximal end of a with fracture dislocation of proximal end of a phalanx. 
phalanx. Complete reduction by incision following two previous 


failures of closed method. 





Fig. 3. ig. 4. Fig. 5. lig. 6. 
Vig. 3. Ayash (a). Fracture both bones of forearm Fig. 5. Ayash. (a). Fracture humerus lower one-third 
(several weeks old). Before operation. Before operation. 
Fig. 4. Ayash (b). Fracture both bones of forearm Fig. 6. Ayash (b). Fracture humerus lower one-third 
several weeks old) after reduction by open method. after reduction by open method. Plaster dressing. 
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Fig. 7. Fig. 8. 
Fig. 7. Moses (a). Fracture of upper shaft of humerus. 


Before operation. Two unsuccessful attempts at reduc- 
tion by closed method. 

Fig. 8. Moses (b). Fracture upper shaft of humerus. 
After open reduction. Plaster dressing. 


reduction and again through the retentive 
dressing within a few days after. 

The technique developed in this work is, I 
believe, always individual. An attempt should 
be made to wall off the skin incision by sterile 
towels and clamps so that in handling the wound 
the skin is not touched.’ I see no reason why 
the gloved fingers should not be inserted into the 
wound if the operator is clean, and much muscle 
separation may be done with a blunt dissector 
and by the use of the fingers. When the fracture 
cavity is exposed it is wiped out with sponges 
and then attention is paid to fragments. If it is 
a simple transverse fracture, first one end and then 
the other is pried up into the wound and the ends 
are brushed off with a sponge. Care is taken 
not to injure the periosteum or peel it back. 
After the ends have been cleaned the fragments 
are placed in alignment, and often the serrations 
can be made to fit each other so that only the line 
of fracture is seen. One succeeding in this pro- 
cedure is at once impressed with the stability of 
the bone when this anatomical reduction is 
attained. If there is a tendency to slipping, a 
notch made with a file will often suffice to hold 





Fig. 9. Subtrochanteri fracture of femur showing 
traumatic coxa vara, angle of 100 degrees, overriding. 
Before operation. 


properly. When there is a slanting fracture, 
following the above procedure, I am apt to wind 
with plain catgut. After alignment is obtained, 
the greatest care should be used to maintain the 
position of the fragments. This requires trained 
assistants, or, in femur cases, some form of traction 
apparatus on which the patient is placed before 
the operation is started and which will allow the 
application of plaster before removal, such as 
the Echol’s traction apparatus. Since adopting 
these methods, I find myself practically aban- 
doning the use of a bone-plate, and the results, 
not only as regards alignment and position, but 
also as regards union and function, justify the 
extra labor and care required by this technique. 
It might be well to state here that I remove all 
bone-plates which I have had to use, in three 
months’ time, and hence have avoided all the 
unpleasant after-results sometimes seen. 

The important point in the treatment of 
fractures is the return to anatomical alignment. 
Such return when not complicated by grave risks 
is always indicated. Union seems to occur more 
quickly and there is notably less callus formation 
by this open method. 
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THE RONTGENOGRAPHIC DIAGNOSIS OF PROSTATIC ENLARGEMENT 
BY MEANS OF AIR INFLATION OF THE BLADDER' 


By A. HYMAN, M. D. 
Adjunct Surgeon, Mt. Sinai and Lebanon Hospitals; Chief of G.-U. Clinic. Mt. Sinai Hospital Dispensary 
AND 
LEOPOLD JACHES, M. D. 


Roéntgenologist to the Mt. Sinai Hospital and Montefiore Home, New York 


/YNHE object of this paper is to call attention 
to a method which we consider of value in 
the differential diagnosis of prostatic en- 

largement when cystoscopy cannot be employed. 

Whenever feasible, cystoscopy is to be preferred, 

for by this means we are enabled to obtain in- 

formation which cannot be afforded by any other 
method. However, it is well known that cystos- 
copy cannot be performed in many cases in 
which the hypertrophy is confined mainly to the 
median lobe. In these instances the outgrowth 
may be so pronounced, and the urethra so de- 
formed, that a profuse hemorrhage is encountered 
as soon as the instrument strikes the prostatic 

urethra. Furthermore, cystoscopy may be im- 

possible with a stricture of the urethra, or through 

a urethra with false passages. It may be in- 

advisable in debilitated subjects with badly 

infected bladders, owing to the danger of sepsis. 
The method is based on the well-known fact 
that a medium of air or other gaseous sub- 





Fig. 1. 


stances intensifies the réntgen rays, rendering 
objects clearly visible which, in another medium, 
may be indistinguishable. The technique is 
simple: a small-sized rubber catheter is introduced 
into the bladder, the organ emptied, and the 
inflation apparatus attached. This consists of 
an ordinary rubber hand bulb, to which is at- 
tached a glass bulb filled with cotton in order to 
filter the air. The air pressure can be fairly 
well gauged by this apparatus. The bladder is 
very slowly and gently inflated until the patient 
complains of a sense of fullness. It is not ad- 
visable to inflate any further, for a violent and 
painful spasm may be produced, expelling both 
the air and the catheter. The catheter is then 
withdrawn and the escape of air from the urethra 
prevented. The plate and X-ray tube should 
be adjusted before inflation so that the exposure 
can be made immediately. The patient is 
placed in the ventrodorsal position. A compres- 
sion diaphragm of six and one-half inches diam- 
eter is lightly applied in such a direction that it 





Fig. 2. 


Read before the Section on Genito-Urinary Surgery of the New York Academy of Medicine February 18, 1914. 











408 SURGERY, GYNECOLOGY AND OBSTETRICS 





Fig. 3. 


brings the focus of the tube about three inches 
above the symphysis pubis at an angle of eighty 
degrees with the plate. The radiographs show 
the prostatic shadows within the bladder very 
distinctly. That these shadows indeed repre- 
sented the prostates was proven by operation in 
three of the cases. After we had carried out the 
above described method in a number of in- 
stances, an examination of the literature revealed 
a similar method employed some four years 








Fig. 5. 


ago. Burkhardt and Floerchen! who carried 
out these observations made use of oxygen in- 
flations with a rather complicated apparatus. 
Their results corresponded with ours, but their 
procedure necessitated a cumbersome outfit 
with no compensating advantage. 

The practical advantages of the method we 
have employed will be evident from the short 
histories of the following cases: 


Case 1. Bladder with normal prostate. Patient aged 
thirty, showing regularity of bladder outline with no 
bulging in the prostatic region (Fig. 1). 

Case 2. Patient aged seventy; prostatic symptoms of 
many years’ duration, with four ounces of residual urine 
(Fig. 2). No appreciable enlargement of prostate per 
rectum. Cystoscopy cannot be performed on account of 
very small meatus; patient refuses metotomy. Radio- 
graph shows pear-shaped bladder with small median Jobe 
enlargement. 

CAsE 3. Patient aged sixty-nine; with complete reten- 
tion of urine. Permanent catheter retained on account of 
difficulty in entering bladder (Fig. 3). Cannot be cysto- 
scoped owing to obstruction in prostatic urethra. Radio- 
graph shows more marked intravesical enlargement than in 
preceding case. Confirmed at operation. 

CAsE 4. Patient aged seventy; prostatic history of few 
years’ duration; moderate enlargement of prostate per 
rectum (Fig. 4). Radiograph shows distinct intravesical 
bulging of prostate. Confirmed at operation. 

Case 5. Patient aged seventy; complete retention of 
one week's duration (Fig. 5). Large prostate, palpable per 
rectum. When first seen could not be cystoscoped, owing 
to obstruction in prostatic urethra; subsequently cystos- 
coped with difficulty. Radiograph shows distinctly 
marked intravesical bulging of prostate. Confirmed at 


' Burkhardt and Floerchen. Uber die Darstellunz der Prostatahy per 
trophie in réntgen Bilde. Deutsche Ztschr. f. Chir... roto. C 
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operation. Original radiograph distinctly demonstrates 
enlargement of entire gland. 

Cask 6. Patient aged seventy-two; fourteen ounces 
residual urine, moderate enlargement per rectum; cystos- 
copy attempted a few times but cannot be performed on 
account of marked obstruction in prostatic urethra causing 
profuse hemorrhage; radiograph shows very marked intra- 
vesical enlargement (lig. 6). 

Case 7. Patient aged sixty-five; prostatic symptoms 
of six vears’ duration (Fig. 7). Large prostate palpated 
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per rectum. Radiograph shows posterior urethra in 
which can be seen the catheter, and two large prostatic 
lobes which project into the bladder. 


We desire to express our thanks to Dr. Beer, 
attending surgeon to the Genito-Urinary De- 
partment of Mt. Sinai Hospital, for having placed 
his material at our disposal. 
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FRACTURES ' 


A PRELIMINARY REPORT 


By DAVID C. STRAUS, M. D., Cuicaco 


Assistant in Surgery, Rush Medical College; Associate in Surgery, Michael Reese Hospital 


been made to construct an absorbable 

device to hold the fragments of a fractured 
bone in accurate apposition until healing has pro- 
gressed far enough to render this artificial sup- 
port no longer necessary, none of these devices 
have worked out practically, though the metallic 
magnesium bone peg?” has been used with some 
success. None of the methods now in general 
use to directly hold the two ends of a fractured 
bone in apposition are ideal. Metal bone-plates 
(Lane, Lambotte) have perhaps proved the most 
successful means of directly holding the bone 
fragments together, but these metal plates occa- 
sionally have to be removed eventually because 
of their foreign-body action. All of the other 
recognized means of direct fixation of bone ends 
also leave much to be desired. Therefore, an ab- 
sorbable splint of sufficient breadth to successfully 
grasp the bone fragments firmly, if of sufficient 
strength to hold them together until callus for- 
mation is well advanced, and constructed of a 
material, the time of absorption of which could 


A’ LTHOUGH some previous attempts have 


2 Groves, “Operative Treatment of Fractures,’’ Lancet, Lond., 1914, 
i, 516. 
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be regulated rather definitely, would seem to be 
a welcome competitor in this still open field. 

The writer believed that catgut, if properly 
prepared and suitably applied, might fulfill these 
conditions and conceived the idea of weaving 
heavy catgut suture material in the form of a 
closely woven mesh, and using this as a cufflike 
splint about the fractured bone. As the ideal 
sought is to do away with any permanent foreign 
body, the following method of applying the cat- 
gut mesh presented itself and was decided upon: 
to have the catgut woven in the form of a rug 
with long fringed ends, the rug to be just a little 
shorter than the circumference of the bone, and 
the fringed ends to be used to tie the rug about 
the bone as a splint. These ends when tightly 
tied stretch the rug about the bone, holding it 
firmly in place. 

The idea has been carried out in a number of 
experiments on dogs. The splints, so far, have 
been made of rough, raw, German catgut No. 4 
and No. 5. The raw gut has been given to an 
expert oriental rug weaver, who weaves it on a 
hand loom, the gut being wet during the process 








1 From the Morris Institute of Medica! Research of Michael Reese Hospital; Department of Experimental Surgery. 
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of weaving to soften it so that it is possible to 
make a very closely woven rug. The rugs are 
long enough to encircle the femur of a large dog, 
and are so woven that the length of the rug can 
easi'y be reduced to exactly fit any bone of a small- 
er circumference. This is of great practical 
importance, and is accomplished by having the 
strands that run the long way of the rug (the 
warp) consist of separate fibers, while the cross 
fibers of the rug (the woof) are made of one long, 
continuous strand of gut which is alternately 
woven over and under the long parallel strands. 
To shorten the rug to fit any given bone, it is 
only necessary to cut one end of this cross-strand 
free, unravel a sufficient amount, and then tie the 
free end again (Fig.1 C). Thus in human work 
it would be necessary to have only two sizes of 
rugs, one for large bones (femur, humerus) and 
one for small bones (radius, ulna). When the 
finished rug is dry, it is cut from the loom and 
is ready to be sterilized. So far, this has been 
done by the Bartlett iodine method only. Through 
the kind courtesy of Dr. A. D. Bevan this has 
been carried out at the Presbyterian Hospital. 
In experiments still to be carried out, various 
other methods of catgut preparation and steriliza- 
tion will be tried, as well as other absorbable 
suture material,i. e., chromiccatgut, kangaroo ten- 
don, etc., to determine which is the most suitable 
for this purpose. 

A glance at the accompanying drawings will 
explain how the splint is applied. The bone ends 
are exposed by a free linear incision and the mus- 
cles gently separated from the bone; the catgut 
rug is then introduced around the bone, as shown 
in Fig. 1, care being taken not to injure or dis- 
place the periosteum. If the splint is too long or is 
a little less than just surround the bone when the 
ends are tightly tied, one end of the cross-strand 
(the woof) is cut free, this end of the cross-mesh 
unraveled, as shown in Fig. 1 C, until the rug is 
short enough and then the free end is tied again, 
either at a point corresponding to point A or 
point B. Now the rug is ready to be tied about 
the bone. Being sure that the line of fracture is 
at the center of the splint, one begins tying the 
two opposite free ends of each of the longitudinal 
strands of the rug. In practice it is sometimes 
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well to tie the first pair at one end and then the 
first pair at the other end of the splint, and so on, 
to finish by tying the strands over the seat of the 
fracture instead of beginning to tie at one end 
and continuing toward the other end, as shown 
in the accompanying drawing, (Fig.2). If it seems 
desirable to re-enforce the splint, the free ends 
after having been tied as described above are 
long enough to make it possible, after having 
tied the first series of suture-ends to carry’ the 
free ends around the tied splint as shown in Fig. 
3 (small figure), and tie each pair of ends again 
over the original row of knots, so as to thus 
double the thickness of the splint. However, in 
the animal experiments this has never seemed 
necessary. When all the strands have been tied 
and cut, the soft parts are united over the bone 
with No. o plain catgut, the fascia and skin each 
similarly closed, and the limb put up in a plaster 
cast, which is left in place for three or four 
weeks. 

The result in the ten dogs on which this proce- 
dure has been tried have been encouraging enough 
to make it seem desirable to make a preliminary 
report of the method at this time. In a later 
communication, full details of the results and 
technique will be published. However, at this 
time it may be stated that with the splints as 
they have so far been used there is some inter- 
ference with external callus formation, the only 
apparent external callus being just beyond either 
end of the splint in the form of a collar of callus; 
the internal and intermediary callus seem well 
developed. There have been three cases of 
non-union. One was due to local infection. The 
second was in a dog that died from an infected 
struma. The third was in a dog that contracted 
the mange and was killed because it was so 
emaciated. In these two latter cases the non- 
union may have been due to the intercurrent 
constitutional disturbance. It is too early to 
draw any definite conclusions, except that no 
trace of the splint is to be seen at the end of three 
weeks and no inflammatory reaction seems to be 
produced by the presence or absorption of the 
splint, except in a few cases where a serous oozing 
occurred soon after the operation. This ceased 
shortly, however, and the healing was per primam., 
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SURGICAL TREATMENT OF COMPLETE PROLAPSE OF THE 


UTERUS ' 


By EMIL NOVAK, A. B., M. D., BALtrMorE, MARYLAND 


T is only during the past decade or so that 
there has been anything approaching a 
crystallization of opinion with regard to the 

best methods of operative procedure in the treat- 
ment of complete prolapse of the uterus. 

Ventral fixations of one form or another, either 
of the uterus or of the cervix, marsupialization of 
the cervix or of the entire body of the uterus, 
hysterectomy, partial or complete closure of 
the vagina, and injections of paraffin and other 
substances into the pelvic connective tissue are 
only a few of the many methods which were in 
former years advocated for the relief of this con- 
dition. Some of them are not yet obsolete. 

By conjuring up this rather disquieting vision 
of the past, I do not mean to imply that gynecolo- 
gists are now entirely agreed upon any one plan 
of treatment. We still have our pro-hysterecto- 
mists and our anti-hysterectomists, but the more 
bizarre forms of treatment are in the back- 
ground. The undoubted advance which the 
past decade has brought in the results of the 
surgical treatment of prolapse is a sufficient ex- 
planation for the popularity of the methods 
responsible for this improvement. Only a small 


part of the advance can be attributed to a better, 


understanding of the mechanism involved in the 
occurrence of procidentia. The condition is 
commonly looked upon as a species of hernia, 
but there is no generally accepted description 
of the steps involved in its production. In the 
majority of cases, the uterus is accompanied in 
its descent by the bladder, often by the rectum. 
The vagina is inverted with greater or less com- 
pleteness. Sometimes the uterus in its descent 
slides away from the bladder, carrying only the 
vagina with it. Much more frequently the blad- 
der is carried down with the uterus, producing a 
large cystocele. Even though the latter he 
large, there may be little or no rectocele, while on 
the other hand a large rectocele is occasionally 
observed when the cystocele is slight or even 
absent. Cases of the latter type, in my expe- 
rience, are rare. In the majority of cases, of 
course, there is marked relaxation of the peri- 
neum, the condition usually occurring in multi- 
parous women. Even complete prolapse of the 
uterus may, however, occur in nullipara, as in 
one of my own cases. As a matter of fact, the 
condition has been observed in infants. 


While complete prolapse of the uterus is often 
allowed to persist for many years, and while the 
condition is not incompatible with a fair measure 
of health, it sooner or later, as a rule, causes dis- 
tressing symptoms. Especially annoying are 
those attributable to the cystocele. Inability 
to empty the bladder without pushing it up, with 
retention of urine and the inevitable cystitis, are 
usually seen in most cases of long-standing pro- 
cidentia. Aside from these urinary symptoms, 
the dragging pain and the irritation or even 
ulceration caused by friction between the pro- 
truding mass and the thighs or clothes often 
make the lot of the sufferer a most unhappy one. 

In view of these facts, it is not surprising that 
in former years various more or less heroic meas- 
ures have been advocated for the relief of this 
troublesome condition. It is not my purpose 
to review these operations, nor to discuss their 
shortcomings. Suffice it to say that up to ten or 
fifteen years ago the condition was generally 
treated by combined abdominal and _ vaginal 
operative measures, some form of uterine sus- 
pension or fixation, together with perineorrhaphy 
and anterior colporrhaphy, being perhaps the 
most popular plan of attack. While cures were 
effected in a certain percentage of cases — I 
shall not attempt to put this in figures — recur- 
rences were frequent, and the results, taken all 
in all, were disappointing. 

There were several reasons for this. The first, 
though not the most important, was the fact that 
the older methods of perineorrhaphy, as practiced 
by Emmett and his followers, took little cogni- 
zance of the proper apposition of the perineal 
muscles, especially the levator ani. Many of the 
older perineorrhaphies might be said to have been 
cosmetic rather than utilitarian in their results. 
More important than this, however, is the fact 
that none of the older methods of anterior col- 
porrhaphy were effective in holding in check a 
bladder which persisted in pushing its way down 
through the anterior vaginal wall. Certainly the 
mere excision of an oval piece from the latter can 
scarcely accomplish such a result. For, whatever 
the mechanism of procidentia uteri, it is the 
cystocele which has always been the chief stum- 
bling block to successful treatment. The cases of 
prolapse in which no recurrence takes place after 
combined uterine fixation and_ colpoperineor- 


1 Read at the Annual! Meeting of the Medica! and Chirurgical Faculty of Maryland, Baltimore, April 29, 1914. 
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rhaphy are usually those in which the cystocele is 
either not large or is absent altogether. As al- 
ready stated, those cases are in the minority, and 
hence the unsuccessful results so often noted. 

It was in an effort to overcome this tendency to 
bladder prolapse that an operative procedure has 
been developed which has created a new epoch 
in the treatment of this condition. The cardinal 
principle of this operation consists in interposition 
of the uterus between the bladder and the vagina. 
While this step represents a new departure in the 
treatment of procidentia, it had been already 
employed by Freund and others in the cure of 
very large vesicovaginal fistula, the fundus being 
used to close the fistulous opening. The names 
of a number of men are associated with the 
interposition operation for prolapse, more espe- 
cially those of Watkins, Schauta, Wertheim, and 
Freund. Every operator follows hisown technique 
in the performance of this operation, although 
the principle is the same with all. The effect of 
the procedure is to utilize the uterus as a buttress 
upon which to rest the bladder. In other words, 
instead of the uterus being above and behind the 
bladder, as it is normally, the bladder is made to 
rest upon the uterus, virtually changing places 
with it. By this interposition of the fundus, the 
bladder is carried up into the abdominal cavity, 
where it belongs. The hydrostatic pressure of 
the distended bladder is thus removed from the 
front of the uterus, where it exaggerates the 
cystocele, to the back, where it only blends its 
action with that of the intra-abdominal pressure 
to keep the fundus directed downward and for- 
ward. The cervix is of course thrown backward 
and somewhat upward. 

The technique of the operation is so well known 
that I shall not describe it, except in so far as a 
report of my own cases may have to deal with a 
few aspects of the problem which are still sub 
judice. Vhave performed this operation in twenty- 
six cases of complete prolapse in the past five 
years, and of these I have had the opportunity of 
re-examining eleven at periods of from a few 
months to five years. I have heard indirectly 
from five other cases, the remainder having been 
lost sight of. With one exception, of which I 
shall speak later, the results have been highly 
satisfactory, the uterus having retained its new 
position, and the patient being free from symp- 
toms. A considerable number of patients have 
complained of some dragging pain in the pelvis 
for a time after the operation. This is probably 
due to the pull on the uterine ligaments as a re- 
sult of the new position of the uterus. Others 
have complained of some urinary irritability, 
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obviously due to pressure on the urethra or 
bladder. Neither of these symptoms has per- 
sisted very long in any of my cases. A detailed 
report of all the cases would be neither interesting 
nor profitable, and hence I shall merely say a word 
concerning a few of them which seem, individually 
or in groups, to illustrate special points of interest. 
Of the twenty-six patients in my series, seven- 
teen were beyond the menopause and nine were 
still in the child-bearing age. Of the latter group 
all were multipare. While there is usually no 
question as to the advisability of the operation 
in women beyond the child-bearing age, it is ne- 
cessary, in the case of the child-bearing woman, 
to decide each case on its individual merits. In 
the case of the woman who is very desirous of 
having children, the Watkins-Schauta operation 
is at once eliminated from consideration, in which 
case most operators would prefer to perform some 
form of uterine suspension in combination with 
a plastic operation on the vagina and perineum. 
If the cystocele be large, good results are obtained 
from the ** modified’? Watkins-Schauta operation, 
in which interposition of the fundus is not done. 
On the other hand, in the case of the woman 
who has had perhaps a number of children, and 
who is suffering with extensive prolapse, the 
woman’s sole desire is to regain her health and 
comfort, regardless of the possibility of future 
pregnancies. No other operation assures this 
result as does the Watkins-Schauta operation, 
and it seems to me to be not only justifiable but 
clearly indicated in such cases. Under such con- 
ditions it must, of course, be combined with 
sterilization of the woman, this being usually easy 
of performance in the course of the operation. 
The method I have used in the nine cases in 
which I have carried out this plan has been resec- 
tion of an inch or more of the tubes, near the 
cornua, the stumps being buried in the broad liga- 
ment peritoneum. 

It follows from what has been said that the 
wishes of the patient are entitled to consideration 
in the surgeon’s decision as to the type of opera- 
tion to be selected. If one of the less radical oper- 
ative procedures be chosen, the patient should 
be told of the possibility of recurrence. The two 
principal factors to bear in mind are, on the one 
hand, the desire of the patient to get permanently 
well, and on the other, the desire for more children. 
The degree and character of the prolapse should 
also be taken into consideration, together with 
such factors as the patient’s general condition, 
her station in life, etc. It will thus be seen that 
this problem often calls for the exercise of careful 
surgical judgment. 
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There are some operators who make a practice 
of routine amputation of the cervix in all cases. 
I do not see the logic of this, although I believe 
that the cervix should be removed whenever very 
much hypertrophied, as it so frequently is. On 
the other hand, when the cervix, and frequently 
the entire uterus, is small and atrophic, as it is 
so apt to be in elderly women, I can see no ad- 
vantage in its amputation. As a matter of fact, 
it is strongly maintained by Mayo that the cervix 
should be retained whenever possible, inasmuch 
as the perineal muscles continually lift it upward, 
thus throwing the fundus downward and forward, 
after the manner of action of a pessary. Ulcera- 
tion of the cervix is an indication for its removal. 
In my twenty-six cases, the cervix has been am- 
putated in twelve. 

In two recent cases, not included in the series 
of twenty-six, though starting out with the 
intention of performing a Watxins-Schauta 
operation, I decided to remove the uterus en- 
tirely, and to follow out the procedure advocated 
by Goffe. Both of these patients were old women, 
and in both the uterus was very small and 
atrophic, offering no support to the bladder. In 
one of them, in addition, the cervix was the seat of 
extensive ulceration, although malignancy was 
excluded by microscopic examination of a clip- 
ping. At any rate, the uterus was removed in 
both cases, the round and broad ligaments being 
brought together and the bladder stitched as 
high as possible on the combined stumps. There 
has been no recurrence in either case after five 
and three years respectively. The question of 
whether or not it is best to remove the uterus as 
a part of the operative treatment of prolapse is 
perhaps the one which has been more extensively 
discussed than any other pertaining to the entire 
subject. Advocates of both plans of treatment 
report good results. Theoretically, it seems to 
me that the anti-hysterectomists have the weight 
of argument on their side, and certainly the results 
of the interposition operation would be difficult 
toimprove upon. By either plan the uterus itself 
is cared for, in one case by removal, in the other 
by its suture beneath the bladder. The matter 
therefore resolves itself largely into a question 
as to which operation takes better care of the 
bladder — which, in other words, more certainly 
prevents a recurrence of the cystocele. 

A properly performed perineorrhaphy is essen- 
tial to the success of this operation. The only 
case in my series in which an unsatisfactory re- 
sult has been noted is one in which there had 
been a complete prolapse for fifteen years, accord- 
ing to the patient’s history. The interposition 


operation was performed in the usual way. 
On attempting to perform the customary perine- 
orrhaphy, however, no trace of muscle tissue 
could be found. The outlet was enormous, 
fully ten by six cm. The levator ani had ap- 
parently undergone attenuation and complete 
atrophy as a result of the long duration of the 
procidentia. The perineorrhaphy which was 
performed, therefore, brought together only 
fascial tissue. In spite of the fact that the vagina 
was narrowed as much as possible, the perineum 
soon began to yield, and the prolapse recurred, 
but in a manner different from the original one. 
The vaginal orifice again becoming very large, 
the uterus now came down bodily, as it were, 
with its long axis at right angles to that of the 
vagina. It still maintained its position beneath 
the bladder, there being no prolapse of the latter 
ahead of the uterus. In spite of the dropping of 
the uterus, the patient was materially improved, 
especially as concerned her urinary symptoms. 
This case illustrates the importance of a properly 
performed perineorrhaphy as an auxiliary to the 
interposition procedure itself. 

In a number of other cases, certain minor 
difficulties were encountered. In one the opera- 
tion was rendered difficult by the large size of a sub- 
involuted uterus, the operation being performed 
only seven weeks after parturition. The large, 
boggy fundus was drawn down through the peri- 
toneal opening with difficulty, and the pressure 
against the bladder and urethra caused inability 
to void urine for a few days. Involution took 
place rapidly, however, and the ultimate result, 
four years later, is excellent. This case illustrates 
the disadvantage of operating too soon after child- 
birth. Whenever possible, at least ten or twelve 
weeks should be allowed to intervene before the 
operation is performed. In another case the 
bladder was torn during the procedure of separat- 
ing it from the fundus, even though the gauze 
covered finger was used for this purpose. The 
bladder was unusually thin and friable, and in 
addition was closely adherent to the uterus, 
probably as a result of a long-standing cystitis. 
Such a combination of conditions makes it very 
easy to injure the bladder, although the accident 
is usually of no great practical importance. A 
few stitches, together with catheterization for a 
few days, was sufficient, in my case, to prevent 
any unpleasant after-results. Finally, in two 
cases, small myomata were removed from the 
fundus before interposing it beneath the bladder. 

To sum up the few points which I have especial- 
ly tried to emphasize in the report of this short 
series of cases, I would say: 
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1. No other operation for complete prolapse 
of the uterus offers as great a probability of per- 
manent cure as does the Watkins-Schauta opera- 
tion. 

2. This operation is a decidedly major one, 
requiring more skill than the majority of abdom- 
inal operations for pelvic disease. 

3. Unless the uterus is very small and atrophic, 
so that it offers no support to the bladder, or un- 


less there is a suspicion of malignancy, it is better 
to retain it. When hysterectomy is deemed 
advisable, good results are obtained by perform- 
ing the operation advocated by Goffe. 

4. The cervix should be amputated only when 
long and hypertrophic, or when it is the seat of 
ulceration. 

5. A well-done perineorrhaphy is an essential 
for success with the interposition operation. 


HAMOSTASIS, WITH SPECIAL REFERENCE TO ITS EMPLOYMENT IN 


SURGERY OF 


THE BRAIN' 


By CHARLES E. DOWMAN, Jr., M. D., F. A. C. S., BrrmimvcHam, ALABAMA 


NHE question of hemostatis in surgery is 
one which has received a great deal of 
attention in medical literature. In visit- 

ing various surgical clinics, however, one cannot 
help being impressed with the fact that at times 
this most important subject, over which every 
surgeon should have complete mastery, is given 
far too little attention. Complete hemostasis 
and the careful handling of tissues rank in im- 
portance with accurate diagnosis and sound 
surgical judgment; and the tendency on the 
part of many to sacrifice this phase of surgical 
technique, for the sake of speed in operating, 
is greatly to be deplored and should be univer- 
sally condemned. 

As hemostasis depends largely on the coagu- 
lability of blood, it should not be out of place to 
review brietly one or two of the most acceptable 
theories of the coagulation of normal blood. 

According to Bordet and Delange (1) coagula- 
tion of normal blood consists mainly of three 
steps: 

1. As soon as blood escapes from the circula- 
tion it undergoes a change which permits coagu- 
lation to take place.’ This stage is very short 
and very little is known concerning what chemical 
or physical phenomena occur at this time. 

2. During the second step the active coagu- 
lation principle, thrombin, is formed. The so- 
called “‘coagulation time” depends on the dura- 
tion of this stage. Bordet and Delange think 
that thrombin is formed by the reaction which 
takes place between serozyme and cystozyme 
in the presence of a soluble calcium salt. Cysto- 
zyme is analogous to the thromboplastin of 
Howell’s theory and is derived from the platelets 
and leucocytes. Serozyme is contained in blood- 


serum but not in blood-plasma. It may be 
compared to the prothrombin of Howell’s theory. 

3. During this stage the thrombin acts on the 
fibrinogen of the blood and causes coagulation 
by changing fibrinogen into fibrin, calcium not 
being required during this stage. The time for 
this step is about two minutes under favorable 
conditions. 

Lee and Vincent (2) report a series of experi- 
ments performed along lines worked out by 
Bordet and Delange, and agree that the funda- 
mental principles of their theory are correct 
and apply to the coagulation of normal human 
blood as well as to the blood of rabbits. 

According to Howell’s theory (3) a small 
amount of antithrombin is present in the normal 
plasma, and is sufficient to bind the prothrombin 
and render it inactive. Thromboplastin is set 
free by cell injury (blood-cells, platelets, tissue- 
cells, etc.), and neutralizes the antithrombin. 
This frees the prothrombin, which at once com- 
bines with calcium to form thrombin. The free 
thrombin coagulates the fibrinogen, giving the 
normal clot. 

Whipple (4) in a recent paper discusses an- 
tithrombin and prothrombin factors in various 
hemorrhagic diseases. He accepts Howell’s 
theory of coagulation of normal blood and proves 
conclusively that hemorrhagic diseases depend 
upon the upsetting of the normal antithrombin 
and prothrombin equilibrium. It is evident 
that this balance must be extremely delicate and 
capable of rapid adjustment. When the anti- 
thrombin accumulates in excess, the appearance 
of purpura and bleeding is to be expected, but 
if it drops to a low level, spontaneous intra- 
vascular thrombosis might occur. 


1Read before the Alabama State Medical Association, April, 1914. 
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The ordinary methods of hemostasis are too 
well understood to permit of discussion. The 
free use of hemostatic clamps, ligatures, pres- 
sure, hot wet packs, etc., will usually suffice in 
preventing hemorrhage during the average 
operation. The importance of caring for the 
hemorrhage first in cases of gunshot wounds, 
ruptured extra-uterine pregnancy, etc., has been 
so thoroughly impressed on the minds of surgeons 
as to likewise preclude discussion. 

The use of isolated tissue as haemostatic 
agents is receiving a great deal of attention in 
medical literature to-day. From experimental 
and clinical evidence the use of pieces of muscle, 
fascia, omentum, etc., in the control of various 
types of troublesome hemorrhage is a great 
advance over the older methods. 

In surgery of the brain, the use of small pieces 
of muscle in the control of troublesome and 
dangerous hemorrhage has been practiced for 
several years. Borchardt in a_ recent article 
(5) claims to have used muscle for this pur- 
pose for the past seven years. In performing 
subtemporal decompression operations, he con- 
trols the hemorrhage from the bone-canals with 
small pieces of the temporal muscle. The 
method was first practiced by Sir Victor Horsley, 
and later by Kocher (6) in controlling bleeding 
during operations for the removal of the Gas- 
serian ganglion. Stieda (7) reports a case of 
cerebellar exploration during which there was 
an abundant hemorrhage from a large venous 
channel quite near and communicating with the 
transverse sinus. Control was accomplished 
only after he had pressed a piece of muscle over 
the bleeding point. The patient died of res- 
piratory failure on the following day, and at 
autopsy the small piece of transplanted muscle 
was found firmly adherent to the vein over the 
point where the hemorrhage had occurred. Of 
interest is the fact that in the central portion of 
the vein no thrombus had formed. Von Eisels- 
berg (8) writes also of controlling haemorrhage 
during the removal of brain tumors by means of 
small pieces of fascia. Laewen (9) in a similar 
manner accomplished hemostasis by means of 
free muscle transplants in heart and liver wounds. 
Cushing frequently uses muscle in this way and 
demonstrates the excellence of the method in 
troublesome hemorrhage from the various venous 
sinuses of the brain and meninges. His tech- 
nique consists in spreading out a small piece 
of muscle on a moist cotton pledget, placing this 
over the bleeding point, and after a few minutes 
of slight pressure removing the cotton pledget, 
leaving the muscle firmly adherent to the vessel 
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from which the hemorrhage had occurred. I 
once saw him stop 2 sharp hemorrhage from 
an opening the size of a pinhead in the internal 
jugular vein with a muscle transplant. The 
method is of value chiefly in hemorrhage from 
veins and venous sinuses, as the pressure in 
arteries is usually greet enough to prevent the 
muscle from adhering firmly. It would be in- 
teresting to learn whether it is the mechanical 
adhesiveness of muscle or the thromboplastin 
liberated from the injured muscle cells which is 
responsible for the perfect results obtained with 
the method. 

The use of isolated tissue seems to be one of the 
best methods of stopping hemorrhage from 
wounds of the liver. Beresnegowsky (10) has 
recently published the results of his experiments 
on dogs, proving the valve of isolated pieces of 
omentum in controlling haemorrhage from the 
liver and spleen. In the successful experiments 
the omentum transplant lay adherent to the 
wounded surface of the liver, no blood-clot 
being found under the transplanted tissue. 
After the fat in the omentum had been absorbed 
there remained a thin connective-tissue capsule 
over the wounded area. 

According to some authors, the haemostasis 
is due to chemical activity through the liberation 
of thromboplastin; according to others, there is a 
mechanical closure of the lumen of the vessels. 
Beresnegowsky thinks that the value of omentum 
as a hemostatic agent is mechanical and not 
chemical. In several unsuccessful experiments 
where the omentum was not sutured tight enough 
the animals died of hemorrhage, which proved to 
his mind that the chemical activity of the omen- 
tum is not great. The mechanical value of the 
omentum consists in filling the liver wounds 
tightly with the tissue, thus causing it to act 
as a tampon; or, in surface wounds, in laying it 
tightly over the bleeding surface, holding it 
there with proper sutures. 

In the control of hemorrhage from wounds 
in parenchymatous organs, such as_ kidney, 
liver, and spleen, the older methods consisting 
of gauze tampons, ligatures, and deep sutures 
are objectionable on account of the degeneration 
and necrosis of parenchymatous elements which 
they produce. Waljoschko and Lebedew (11) 
produced various wounds in the kidneys, liver, 
and spleen of dogs, and controlled the subse- 
quent hemorrhage with transplanted pieces of 
superficial fascia held in place with superficial 
sutures. They also resected parts of organs and 
sutured layers of fascia over the raw surfaces. 
In penetrating injuries the wound canal was 
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tamponed with fascia. After certain periods of 
time the animals were killed and the specimens 
examined microscopically. Their conclusions are 
as follows: 

1. The fascia transplanted on the bleeding 
surface of an organ acts as a “living tampon” 
which controls active bleeding and prevents 
subsequent hemorrhage. 

2. The free transplantation of fascia simplifies 
the laying of sutures, and avoids the use of deep 
sutures which would include and compress 
tissue and are known to cause a certain amount 
of necrosis of parenchyma. 

3. Fascia is an excellent material to use for 
this purpose in that it does not act as an irritant 
to an organ which is in itself capable of develop- 
ing connective tissue. 

4. Fascia acts in a way similar to the normal 
capsule of an organ and, as the pressure exerted 
is so slight, no atrophy of the gland is produced. 

5. Aruptured kidney treated with this method 
heals perfectly and functionates normally. 

6. The substitution of a removed kidney 
capsule with a sheet of superficial fascia prevents 
the formation of a secondary scar tissue capsule 
which would cause a contraction of the whole 
organ. 

There is no branch of surgery in which hemo- 
stasis is more necessary or more difficult than in 
cranial operations. The scalp receives its arte- 
rial blood supply through five large trunks on 
either side. These break up into innumerable 
branches which anastomose freely with each 
other. The venous circulation of the scalp is 
even more complicated than the arterial. On 
account of the free communication between 
the veins of the scalp and those of the diploé, 
bleeding from this source is often more difficult 
to combat than that which occurs from the ar- 
teries and their branches. The meninges like- 
wise contain a network of vessels. 

Every cranial operation will be attended by 
profuse and alarming hemorrhage which will 
not only annoy the operator but will endanger 
the life of the patient, unless the surgeon has 
prepared himself to meet in every detail this 
inevitable ordeal. Not only must he have 
experience and judgment, but his armamentarium 
must include the various hemostatic agents and 
appliances which have been devised for this 
special branch of surgery. 

Thechoice and administration of the anesthetic 
plays an important réle in cranial operations. 
A restless, half anesthetized patient is usually 
more or less cyanotic—a condition which will 
cause an almost uncontrollable venous bleeding. 


Ether seems to be the anesthetic of choice, 
though Horsley prefers chloroform, and Kocher 
often uses local anesthesia, preferably with 
Braun’s_ cocaine-adrenalin solution. Nitrous 
oxide is distinctly contra-indicated on account 
of the venous congestion which usually occurs 
during its administration. 

A semi-sitting posture of the patient has a 
definite controlling effect upon the freedom of 
hemorrhage, and on this account is to be pre- 
ferred. With the patient in this position, how- 
ever, it is imperative that frequent records of the 
blood-pressure be made, as a sudden fall would 
necessitate lowering the patient immediately. 

Hemorrhage from the scalp can usually be 
controlled by some form of tourniquet. The 
type described by Cushing is perhaps the most 
convenient. Heidenhain (12) recommends sub- 
cutaneous interlocked mass ligatures around the 
proposed incision. Kredel (13) uses a modifica- 
tion of this method by tying the mass ligatures 
upon a flat metal plate. Horsley finds it effica- 
cious to have assistants make manual pressure 
while he clamps the numerous bleeding points. 

The ordinary oozing from the diploic vessels 
may usually be controlled with Horsley wax 
(beeswax seven parts, almond oil one part, 
salicylic acid one part), though at times these ves- 
sels may be so large as to require plugging with 
wooden or ivory pegs, small pieces of absorbent 
cotton, or pieces of muscle. When the field of 
operation is near the transverse or longitudinal 
sinus, dangerous hemorrhage from abnormally 
large emissaries connecting the intracranial 
veins with those of the scalp may occur and tax 
the patience and ingenuity of the operator. Cases 
have been reported where the hemorrhage from 
the bone assumed such dangerous proportions 
as to necessitate the temporary ligation of one 
or both carotid arteries. 

In performing cerebellar exploration on pa- 
tients with marked intracranial pressure, one 
often finds the occipital muscles covered with 
large lakes of venous blood. To attempt to 
proceed would lead to an uncontrollable hemor- 
rhage which would probably endanger the 
patient’s life. In such a condition it becomes 
necessary first to relieve the intracranial pres- 
sure by tapping the lateral ventricle through a 
small trephine opening in the parieto-occipital 
region. As the cerebrospinal fluid escapes, the 
venous lakes collapse and one can usually con- 
tinue the operation without danger from this 
source. 

On opening the dura, hemorrhage from the 
various branches of the meningeal arteries can 
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be prevented by means of fine silver-wire clips 
applied with suitably devised forceps, as de- 
scribed by Cushing. These clips may also be 
used on the middle meningeal artery as it emerges 
from the foramen spinosum, during operations 
on the Gasserian ganglion, and on the cortical 
vessels before incising the brain. The ease of 
application and their effectiveness make them 
much more desirable than sutures. 

Among the most valuable of all haemostatic 
agents in cranial operations are small cotton 
pledgets wrung out of hot salt solution. These 
are laid on the various oozing points and hasten 
coagulation. Mention has already been made of 
the value of pieces of muscle in the control of 
troublesome bleeding. 

Should a considerable hemorrhage occur from 
one of the venous sinuses, it is usually advisable 
to control it in the quickest way possible and 
to postpone the further steps of the operation 
until another time. By exercising this caution in 
such cases, operative deaths may often be pre- 
vented. The justification of a two-stage opera- 
tion for tumors of the brain lies in the fact that 
the laying down of a bone flap is usually attended 
by excessive hemorrhage. 

Subsequent hemorrhage in cranial operations 
may usually be prevented by exercising care 
in effecting the closures. This is best done by 
several layers of interrupted fine silk sutures. 
Such sutures act as ligatures in addition to 


aiding the approximation of the edges of the 
wound. 

In conclusion I wish to emphasize the fol- 
lowing facts: 

1. That complete hemostasis is one of the 
most important phases of surgical technique. 

2. That the type of operative surgery which 
sacrifices refinement in technique for the sake 
of speed should be condemned. 

3. That the use of various tissues as hemo- 
static agents has a distinct field of usefulness. 

4. That hemorrhage during cranial operations 
is most troublesome and dangerous, and requires 
for its control the exercise of patience, ingenuity, 
and sound judgment on the part of the operator, 
in addition to the employment of the various 
hemostatic agents and appliances known to 
surgery. 
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A TWO-EYED ANEURISM NEEDLE 


By GEORGE T. TYLER, A. M., M. D., GREENVILLE, SouTH CAROLINA 


HE necessity of doubly ligating blood- 
vessels or other tissues, or of placing two 
ligatures and dividing between them, occurs 

in a great deal of our operative work. In the 
ordinary aneurism needle threaded with a double 
ligature, one part often becomes twisted around 
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its fellow, requiring extra time to separate and 
frequently causing annoyance in doing so. It 
has occurred to me that our anuerism and pedicle 
needles might be made with two eyes, placed 
side by side. With each eye threaded two liga- 
tures could be introduced simultaneously and 
kept separate. This needle can still serve the 
purpose of the original type by threading only 
one eye. 

The accompanying illustration explains itself. 
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MALIGNANT DISEASE OF THE RETAINED TESTICLE 
With REpoRT OF A CASE 


By ARTHUR PARKER BUTT, M. D., F. A. C. S., Davis, West Vircrnta, AND AARON ARKIN, A. M., Pu. D. 
M. D.. West VirGInIA UNIVERSITY, MORGANTOWN 
(From Pathological Laboratory of West Virginia University.) 


N a recent very comprehensive article on this 
subject! Dr. Kenneth Bulkley states that 
there had never been a collective study of the 

literature on the subject of malignant tumors of 
the testicles situated within the abdominal cavity. 
He was able to collect but 57 cases; to these he 
added two cases coming under his own observa- 
tion. Dr. Bulkley also states that these tumors 
occur but once in 60,000 male hospital entries. 

With these statements before us it seems well 

worth while to report all cases. 

Dr. Bulkley’s paper is so complete and so recent 

that it seems useless to take up the subject other 
than to report one case with a very few comments. 


Patient was referred by Dr. John T. Huff of Parsons. 
Age 48, weight 145; thinks he has neither lost nor gained 
recently. Occupation, farmer; appetite good, sleeps well. 
Mother and one maternal aunt died of tuberculosis, father 
of old age. Two deaths from cancer on father’s side. 
Married, no children; claims to have led a vigorous sexual 
life until recently. Has seen that his health is failing dur- 
ing past year. Seeks relief from “‘spells with his stomach.” 
Has had an occasional “spell” for past three or four years, 
three within the past nine months. Nearly all of them 
come on during the night; usually they come suddenly; 
and he often vomits before getting relief. After vomiting, 
is always relieved. Sometimes these attacks of pain last 
several hours. At first the pain was on right side, lately 
it has been on left. 

Previous history negative. About six months ago he 
discovered an enlargement of the abdomen. Examination 
showed a man of light build, a very scanty moustache, 
practically no beard, and a voice rather bordering on the 
feminine type. Scrotum small, penis rather undersized, 
no testicles in scrotum or inguinal canal. Inguinal glands 
not enlarged. A large mass was found in left lower abdo- 
men, hard, smooth, slightly movable. Patient was told 
that he had a tumor, probably malignant, of the left 
testicle. Consent was asked to remove right testicle no 
matter what its condition. Operation was performed by 
Dr. Butt at the Allegheny Heights Hospital on December 
30, 1913. Spinal (stovaine) anesthesia supplemented by 
ether. Incision over left rectus, muscle displaced towards 
median line. The tumor in appearance and location re- 
minded one of an ovarian growth. Surface smooth, glis- 
tening, covered with peritoneum. Pedicle about two 
inches broad, attached in region of left internal ring. Very 
slight attachment to bladder and bowel. Tumor weighed 
three and one-half pounds, greatest circumference 20/4 
inches, lesser 14%. Right testicle was removed from 
deep in pelvis. No measurements were taken but it was 
perhaps 25 per cent larger than normal. Convalescence 
was delayed by a right otitis media. This occurred on 
the twelfth day, drum was incised and ear had almost 
ceased to discharge when he left hospital. On the sixteenth 
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day after operation he began to suffer with pain in the calf 
of his left leg. No pain, no swelling, until he was up walk- 
ing. Left hospital on the thirty-second day, well with the 
exception of phlebitis of left leg. One month after this 
he wrote that he was not feeling well, legs wollen, unable 
to work. A month later he presented himself for examina- 
tion. With exception of condition noted in left leg he 
seemed in excellent health. Had gained ten pounds. 
June 18th, he wrote me that his general health was “‘not 
so well,’ weighs six pounds more than when operated, has 
some pain in back, is doing light work, is unable to get 
his bowels regulated. 

Diagnosis: Notwithstanding the rarity of this disease, 
there should be little trouble in making a diagnosis if the 
absence of one or both testicles is noted. It seems from 
the literature on the subject that many men have failed to 
note this. This is due in some measure to the natural 
desire of the patient to conceal his deformity. This was 
the case with our patient. He had to be practically forced 
to uncover his scrotum. 

Prognosis. According to Bulkley, of 59 cases 
operated on only three are known to be alive and 
well after two years. 

Treatment. Excision of the retained testicle 
upon the onset of even the vaguest symptoms. 

Microscopic examination. (Dr. Arkin.) Scat- 
tered throughout the tumor section are masses 
of large cells, with pale vesicular nuclei, some of 
which show distinct nucleoli andaclear cytoplasm. 
Many of these cells are irregularly arranged in 
solid masses forming nests or alveoli which anas- 
tomose with each other, giving to the tumor the 
appearance of a scirrhous type. In other areas 
these large cells are arranged in more or less dis- 
tinct tubule formations. In still other areas, the 
carcinoma cells have infiltrated between the con- 
nective-tissue fibers, forming long cords or chains 
of cells. Mitotic figures can be distinguished in 
some of these cells. 

The interstitial tissue is rich in darkly staining 
small round cells and numerous spindle cells of a 
connective-tissue type, between which the large 
round or polyhedral cancer cells are scattered. In 
a few places there are aggregations of lymphoid 
cells resembling very closely normal lymphoid 
tissue. In one or two areas, the dark small round 
cells are arranged about small blood-vessels, 
presenting the appearance of a peritheliomatous 
proliferation. 

Scattered through the section are found round 
or oval pale hyaline-like areas, some of which are 
solid, others presenting small lumina. A few of 
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these lumina are filled with calcareous deposits. 
These areas, in all probability, represent atrophied 
seminiferous tubules which have undergone a 
fibrosis. In the connective tissue, can be seen, 
here and there, typical giant-cells of the Lang- 
hans type, containing from six to twenty nuclei. 
The nuclei in these cells are arranged about the 
periphery, although in some the nuclei fill most 
of the cell, depending upon the direction in which 
the cell was cut. In some portions of the tumor 
these cells are more numerous than in others, and 
they are found in the connective tissue. 

The tumor is surrounded by a definite capsule 
of connective tissue, whichis irregularly infiltrated 
with many dark round cells of a sarcomatous 
type, together with a few large round or polyhe- 
dral cells with pale nuclei. The small round cells 
form solid cords two or three cells in thickness, 
or else chains of two to six or eight cells lying 
between the connective-tissue fibers. The carci- 
noma cells form anastomosing bands which lie be- 
tween the small round cells. These are arranged 
parallel to the surface and seem to have in- 
filtrated the loose connective tissue between the 
capsule and the tumor, forming a distinct zone 
between the two. They are especially marked 
about some of the blood-vessels, and seem to 
have followed the course of the lymphatics. 

The tumor shows very little evidence of necrosis, 
as the cells in the central portion stain quite dis- 
tinctly. There is no bone tissue, cartilage, muscle, 
or cyst formation in any portion of the tumor. 

The section sent as right testicle presents no 
normal testicular tissue. Scattered throughout 
the section are many round or oval areas which 
stain faintly and have a hyaline appearance. 
They contain a few elongated connective-tissue 
nuclei. These are evidently remnants of the 
seminiferous tubules. No normal seminiferous 
tubules are visible in any portion of the section. 
The fibrosed tubules are much more widely sepa- 
rated than in the normal testicle. The great part 
of the section consists of diffuse masses of large 
round or polyhedral cells which contain large 
pale nuclei with fine chromatin granules. These 
cells resemble the ones described in the tumor 
sections. The cancer-cells have a tendency to 
alveolar arrangement. Between these cells are 
many proliferating connective-tissue cells and 
numerous dark small round cells. The cancer- 
cells stain more deeply about the larger vessels, 
and it is here also that the small round cells are 
most numerous. There are in this section, just 
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as were described in the tumor section, several 
lymphoid accumulations. Likewise, a few giant- 
cells, resembling those described in the tumor, are 
present in the connective tissue. The capsule is 
infiltrated with many small round cells, and con- 
nective-tissue cells in various stages of develop- 
ment. 

The section sent as left testicle shows the can- 
cer-cells quite numerous, with a greater tendency 
to alveolar arrangement. Some of these alveoli 
are entirely surrounded by connective tissue; 
most of them anastomose with one another. 
There are several large solid masses of these can- 
cer-cells in the section, which have the appearance 
of a medullary carcinoma. These masses show no 
evidence of necrosis, and seem to be growing 
rapidly. They are surrounded by an indistinct 
connective-tissue stroma, through which masses 
of cells are penetrating in every direction. The 
connective-tissue stroma contains many small 
round cells. There are several large lymphoid 
accumulations in this section also. Just beneath 
the capsule, which is not greatly thickened, are 
numerous darkly stained small round cells. A 
few giant-cells can be found in this section also. 

There is no normal tissue in the section sent 
as epididymis. The vas cannot be found in this 
section. There are a few irregularly shaped com- 
pressed tubules, lined with low columnar epithe- 
lium, in one corner of the section. These are the 
only evidence of tubules in the epididymis. 
Near these can be seen several compressed canals 
of the rete testis. The tissue is entirely infiltrated 
with solid masses of cancer-cells, separated by 
proliferating connective tissue, which contains 
many small round cells and quite a few giant-cells 
of the Langhans type. The section also contains 
several lymphoid areas. In most respects it 
resembles the tumor section described above. 

The tumor represents a case of sarcocarcinoma 
of double undescended testicles. The carcinoma- 
tous portion predominates, and the connective 
tissue shows evidence of sarcomatous prolifera 
tion with large numbers of small round cells. In 
addition, there are also giant-cells present, making 
the tumor an unusual one. There are lymphoid 
follicles present in the tumor, an observation 
which has been made in many mixed tumors of 
the testicle. The mixed tumor has involved 
both of the undescended testicles and the adja- 
cent tissues. 

(A complete pathological study of this case 
will be published later.) 
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SURGICAL HELPS 


By G. P. COOPERNAIL, M. D., BEpForp, New York 


years I have been using the cautery that 

I am about to describe. The cautery 

irons that I wish to advocate are the small size 
soldering irons. They can be found in any of 
the large department stores. The ends of the 
irons can be shaped as you wish with a coarse file. 
The heating apparatus is the gas blow-torch 
used by plumbers or painters for burning off old 


A PRACTICAL CAUTERY. For several 


paint. They are furnished with soldering iron 
attachments. The fuel used in the torch is the 


commercial gasoline. Operating the torch is 
very simple. Connected with the torch is a small 
air-pump which gives a forced feed. A few 
strokes of the pump will give you a pressure that 
will last for a half-hour heating. 

Under the burner is a priming cup which is 
filled with gasoline; this heats the burner so as to 
convert the gasoline into a gas. I use alcohol in 
the priming cup, as there is an odor to the burn- 
ing gasoline. After the cup is burnt dry open the 
needle valve and light the gas. 

The size of the flame can be regulated by the 
needle valve. This gives a very hot flame and 
will heat the irons in a very few minutes. It will 
heat much quicker than the Bunsen gas-burner 
and can be carried and used in places were there 
is no gas. It is light and can be easily carried in 
your bag. Another good feature is, you can 
always rely upon it. 

The impulse to write this brief article came to 
me a few months ago. when I saw a celebrated 
English surgeon demonstrating one of his intes- 
tinal operations. That morning, to be sure of 
having one of the Paquelin cauteries in good work- 
ing order, the operating-room nurse tried out three 
of them and found at the time all would work; 
but at operation none would work. 

Paper clips as spools for linen or silk sutures. 
For over ten years I have been using the ordinary 
paper clips in place of the glass spool for linen or 
silk sutures. 

They are cheap and more convenient than the 
glass spools. There is no danger of their break- 
ing, so they can be boiled with the instruments. 
Another advantage is, the ends of the sutures can 
be caught in the center of the clips so it will not 
unwind when not in use. After operating I dry 


them out in a drying oven with the instruments. 
The last few years the tendency is to make most 
of our surgical instruments with screw locks, so 
it is almost impossible to get them dry in the lock. 
A few minutes in a hot air oven will dry them and 
prevent rusting. 

Patches for repairing rubber gloves and how to 
put them on. For the past ten years I have been 
having my nurses use small, round patches for 
mending rubber gloves. 

Before I used the round patches one day I 
noticed our operating-room nurse trying to cut 
out patches with a pair of scissors. The rubber 
was not easy to cut and after the patches were cut 
out they had many sharp corners to work loose. 
One could see a round patch would be much 
better. 

The idea came to me to punch them out with a 
gun-wad punch. The punches are made in sev- 
eral sizes. 

The patches can be punched out of the gauntlet 
of an old glove. With a hammer and a block of 
hard wood one can in a few minutes punch out 
enough patches to last a long time. They make 
an ideal patch, without corners. 

Clean the patch and glove with gasoline. 
Stick the patch on a piece of cardboard with two 
pins near the edge of the patch. This will pre- 
vent the patch from curling up when the cement 
is drying. Let the cement almost dry before 
pressing the patch over the hole. 

It is better to give both the patch and the glove 
two coats of cement, letting the first dry before 
applying the second. After the patch is firmly 
pressed on, dust with talcum powder so as to 
prevent the cement outside of the patch from 
sticking. 

A test tube is a great help in patching the 
fingers of the gloves. Don’t forget to put the 
patches on the inside of the gloves. I remember, 
when doing a strangulated hernia at night, that 
a patch came off and was left in the wound. It 
healed by primary union, but the fifth week one 
end of the incision broke down and in exploring 
the wound I found a rubber patch in the bottom 
of it. This would not have happened if the patch 
had been on the inside of the glove. Iam glad to 
say it was not one of my round patches. 











TRANSACTIONS OF SOCIETIES 


CHICAGO GYNECOLOGICAL SOCIETY 


THE REGULAR MONTHLY MEETING OF THE CHICAGO GYNECOLOGICAL SOCIETY WAS HELD APRIL 
17, 1914, WITH THE PRESIDENT OF THE SOCIETY, Dr. FRANK W. 
LyncH, OCCUPYING THE CHAIR 


Dr. MARK GOLDSTINE presented a paper under 
the heading of ‘‘ Report of Cases.” 


REPORTS OF THREE CASES OF ABNORMAL DEVELOPMENT 
OF FEMALE GENERATIVE ORGANS 

Case 1. Mrs. Rose R., 33 years old. Menses began 
at 14 years, 28-day type, duration 4 to 5 days. Flow very 
heavy and with severe pain. Last menstruation March 
17, 1912. December 27, 1912, gave birth to 8'%-pound 
baby, which was her first pregnancy. On December 31st 
she had a severe chill with rise of temperature and severe 
pain in lower abdomen and was very ill for a number of 
days. When I saw her first on January 28, 1913, she 
presented a typical picture of puerpual sepsis. There 
was a large tender mass on left side of abdomen, from the 
pelvic brim to about the level of the anterior superior 
spine and one inch to the left of the median line, apparently 
no exudate to the right whatever; and these findings were 
the same on vaginal examination. She was admitted 
to the Wesley Memorial Hospital January 29, 1913, and 
remained in the hospital 44 days, until March 13, 1913. 
On leaving the hospital there still persisted a considerable 
mass on left side. 

Examination after admission to hospital. Abdominal 
examination same as above. Vaginal examination: slight 
laceration of perineum; just inside vulva there presented 
itself a very firm septum, dividing the vagina into two 
equal compartments It was ahout !4 inch thick at vulva 
and about % inch at its posterior attachment; it was of 
same structure as vagina; no opening in septum between 
two vagine; each vagina contained a cervix, one normal 
in appearance and the other showing the effects of recent 
childbirth A probe was passed into each and on right 
side went in about three and one-half inches, and on left 
about four and one-half inches. Patient was readmitted 
to hospital May 22, 1913. The mass in left side only 
trifle smaller. An abdominal section was done; on the 
left side was a fairly large tubo-ovarian abscess; the uterus, 
tube and ovary were removed; the blood supply was en- 
tirely from left side; a space of three inches separated above 
uterus from another on the right; the uterus with its tube 
and ovary on the right side received its blood supply 
entirely from the right side. No apparent connection 
between the two uteri. The bladder and urethra were 
normal in size and position, intestines normal and in posi- 
tion. Patient is now well and has menstruated regularly 
since operation; very little pain and menstruation not 
nearly so profuse. As far as the writer can ascertain, this 
is the only case recorded in literature where there were 
two distinct uteri. 

CASE 2. Mrs. W., age 30. married 8 years; 2 children, 
no miscarriages. Last baby born in November, 1913. 


Menstruation began at 15. Regular 28-day type and 
was exceptionally profuse and lasted 8 to 9 days. Men- 
struated regularly every month during her pregnancies 
but not as heavy as usual, and also during lactation. Re- 
coveries from childbirth uneventful. Had two attacks 
of appendicitis. Severe backache for years. Abdominal 
examination negative except for tenderness over appendix 
and lower abdomen. Vaginal examination: incomplete 
laceration of perineum. Cervix large, external os admits 
a finger, some laceration. Bimanual examination, mass 
in left side about the size of a normal uterus and same on 
right, with a space of about 4 inches, directly in median 
line where no structures could be palpated, where both 
examining hands could easily be brought together. An 
abdominal section was performed and showed two uteri 
normal in size and appearance and about 5 inches apart, 
each with a normal tube and ovary on the left and right 
sides respectively. No evidence of blood supply or ap- 
pendages on the inner sides of the two uteri; both lay to 
the extreme sides of the pelvis and were retroflexed. A 
large heavy fold of peritoneum in the form of a broad 
ligament about one inch wide connected the bladder with 
the sigmoid and upper part of rectum and lay between the 
two uteri. The bladder was very large. The external 
os was open and just inside the cervix the canal divided 
into two divisions, one canal going to each uterus. 

CaAsE 3. Miss Blanche H., age 18. Family history 
negative. Ordinary diseases of childhood. Has had 
severe headaches for last 4 to 5 years. Has never men- 
struated. Nothing like menstrual cycle in patient’s 
history. Amenorrhoea. Vaginal examination: labia 
and clitoris poorly developed. Normal urethra. Non- 
perforated hymen. Rectal examination: no evidence of 
vagina or vaginal vault, no cervix to be felt 

Symphysis pubis very broad like male pelvis 
and easily reached from rectum. Bimanual examination 
with finger in rectum: no uterus could be felt and no defi- 
nite pelvic structures felt. 

Exploratory laparotomy. On right side cystic ovary 
about size of hen’s egg, with a normal tube and an accessory 
tube attached about 1% inches from the fimbriated end 
and with a fimbriated end of its own; this tube was 
2 inches in length and just slightly smaller in its circum- 
ference than the tube it was attached to. The main tube 
terminated in a small embryological structure resembling 
a uterus; this was about 1% inches long, % inch wide and 
the same in thickness; this terminates in the vesical peri- 
toneum posterior to the bladder. Broad ligature normal. 
On left side was found the same as on right, but only one 
tube and a normal ovary and same structure resembling 
uterus. No connection between two sides. No cervix 
on either uterus, no vaginal vault. Bladder and intestines 
apparently normal. This case is a very unique one. 
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Dr. WALTER C. Jones followed with a paper 
entitled: “Experimental Ligation of One Ureter 
with Application of Results to Clinical Gynecol- 
ogy—Inguaural Thesis.” 

Dr. A. BELCHAM KEYEs read a paper entitled: 
“Mastitis Lactantia; Etiology, Behavior, and 
Treatment.” (See p. 364.) 


DISCUSSION 

Dr. N.S. HEANEy: I was very much interest- 
ed in Dr. Keyes’ paper because it referred to a 
subject to which I pay a great deal of attention. 
It has been a matter of luck, rather than careful 
attention, I believe, that I have had very few 
abscesses —in fact only two, and those were un- 
fortunate enough to have been doctors’ wives. 
The obstetrician as a rule assumes no responsi- 





Double uterus. One ovary and one tube to each uterus. 
Two cervices separated by partitions. 


bility for the occurrence of breast-abscess, in 
which he is most properly justified, except in this, 
that he is responsible if the nurses who are at- 
tending his patients are not properly instructed 
in the attention to the breasts. One thing that 
has always appeared to me as especially dangerous 
is the handling of the breast by the hand of the 
nurse, who at one moment takes up a vulvar 
pad and puts it on a chair or window when she 
goes to answer the bell of another patient, and 
the next minute brings in the child to the breast 
and gets the nipple to work so the child can 
grasp it. If the nurse’s hand becomes contam- 
inated with the secretion of the pad, she is abso- 
lutely dangerous to the breast of the mother. 
Dr. Pappock: I do not know that I can add 
anything to this interesting paper. Abscesses 


of the breast, I think, are becoming rare. As 
we become more proficient in the handling of our 
obstetrical cases, we who are especially giving 
more attention to these cases see very few cases 
in our own practice. 


I thought I would never 
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see another case; and yet within the last few 
months I have had two; and one of them is 
unique, as far as the cases I have seen are con- 
cerned, in that on the ninth day the patient 
suffered a great deal of pain in the left breast, 
a mass formed, filling up practically at least a 
quarter of the right side of the breast, with some 
redness of the skin, high temperature and chills. 
The temperature was 105° when I saw her, 
but there was no fluctuation. The usual treat- 
ment was pursued—absolute rest, ice pack, ard 
later, hot fomentations. This was continued 
forty-eight hours. The temperature would go up 
every afternoon very high, with chills. Finally 
it was decided the best thing to do was to open 








Bicornate uterus. One ova*y and tube to each horn. 
Bladder attached to sigmoid by reflection of peritoneum. 


the abscess. I made a good free opening, making 
an opening large enough to pass my finger in 
and get the pus. 1 inserted my finger and found 
it to be a hard mass, not broken down. No 
culture was taken to determine just what the 
mass was, but there was no discharge. The 
tube was taken out in about 48 hours. There 
was nothing except the secretion you get with 
any wound of that sort, with the temperature 
and pulse normal. It went along this way 72 
hours. Suddenly there was another pain, another 
rise of temperature and chills in the other breast 
—the same identical picture. I waited, hoping 
perhaps I might be mistaken. It might not 
have been that lump that caused the abscess. 
I waited 24 to 48 hours more: no fluctuation. I 
opened that other lump, and did the same opera- 
tion. The temperature dropped in six hours to 
normal and remained normal, and _ resolution 
took place without any discharge. The question 
is, when to know that we have some occasion 
for operation. Unless you have the distinct 
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fluctuation it is sometimes difficult to say just 
when to open, or whether you have a difficult 
abscess to combat or not. I don’t know in this 
case whether resolution would have gone on 
without opening. On the other hand, I do not 
believe we find as many cases as we did and I 
think the whole treatment is in the prophylaxis, 
the treatment before and during the first few 
days of the puerperium. 

Dr. Keyes (closing the discussion) : 

I feel that we do a great deal of good by 
making a free incision and drainage in a large 
number of cases. We let out a lot of serous 
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material and the temperature drops to normal. 
The indication is to let out that material and 
yet there is no telling whether it has under- 
gone resolution. The fact that there was a 
hydro-exudate there is almost as much cause 
for it being emptied as if it were pus. The in- 
fection undoubtedly may cause a very marked 
amount of disturbance, and the marked fre- 
quency of the pus is the greatest perhaps in the 
lymphatic infection. I firmly believe in cases 
of deep hardness that the indication is for early 
and free incision, and as Dr. Paddock correctly 
stated, I believe there should be deep drainage. 





CORRESPONDENCE 


Dr. Franklin H. Martin, 
Chicago. 

My dear Doctor: In SuRGERY, GYNECOLOGY 
AND OBsTETRICs, for June, 1914, Department of 
Technique, Dr. O. H. Stanley, of Concord, 
N. H., writes his experiences with pituitrin in ab- 
dominal surgery, and is anxious to know of the 
experiences of others. Having a little data, Iam 
pleased to submit the following results: 

I have used pituitrin as a routine post-opera- 
tive treatment in seventy-five laparotomies; 
namely, gall-stones, obstruction of the bowel due 
to adhesions, post-operative adhesions, appendi- 
citis, hysterectomies, ovarian cysts, ectopic preg- 
nancies, pyosalpinx, and others, with the most 
gratifying results. Pituitrin has a stimulating 
effect on the heart muscle and the bladder, as 
well as its stimulation of peristalsis. Because of 
its satisfactory action on the heart I have dis- 
continued the use of strychnine and digitalin, 
as I found that the pituitrin gave the same effects. 

My method of administration is to give 1 ccm. 
per hypo as soon as the patient comes off the 
table. This is repeated at intervals of four 
hours — oftener, if necessary, though I have not 


had occasion to do so, except in a case of fecal 
impaction, which I did not operate. In this case 
I gave 1 ccm. every two hours, assisted by high 
colonic flushings, and obtained gratifying results. 

I have not had to catheterize more than two 
cases, and these were cases-of malignancy with 
involvement of the bladder. Following chole- 
cystectomy I have had good results, and I am in- 
clined to think that it has prevented that most 
serious complication, namely, acute dilatation 
of the stomach, so much dreaded following these 
operations. 

In none of the above cases did paresis of the 
bowels occur. 

From this experience alone I have come to the 
conclusion that pituitrin is a great adjuvant to ab- 
dominal surgery. Given in 1 ccm. doses following a 
laparotomy, it is all that is necessary in the way of 
medical treatment, as it not only stimulates the 
functions of the heart, bladder, and intestines, but 
tends to prevent the many complications due to 
adhesions and paresis following an abdominal 
operation. 

Yours fraternally, 
Evan H. M. Grirritus, M. D. 




















BOOK REVIEWS 


A CRITIQUE OF NEW BOOKS IN GYNECOLOGY AND OBSTETRICS 
By GEORGE GELLHORN, M. D., Satnt Louis, Missour! 


HIS textbook has grown out of the authors’ 

“Diagnosis of Diseases of Women,” which was 
the first and for a time the only American work on 
gynecological diagnosis.'_ The good features which 
distinguished this book reappear in the large 
volume before us. The author recognizes the prin- 
ciple that the correct interpretation of symptoms 
rests primarily upon a thorough knowledge of the 
morbid anatomy, and he therefore pays particular 
attention to a detailed description of both the 
macroscopic and microscopic structure of the affect- 
ed parts. 

The general practitioner will welcome the chapters 
on conservative methods of treatment, such as 
douches, baths, massage, diet, and tampons, for 
these non-operative méasures have not received 
their due share of consideration in textbooks and 
in practice which they rightly deserve. In these 
days when gynecology is in danger of becoming 
merely a surgical specialty, the gynecologist, too. 
should make himself conversant with every non- 
operative measure which may promise relief. For 
this reason, pessaries might have been given a little 
more space than the author reserves for them. For 
prolapse of the uterus when operation is deemed in- 
advisable, the author recommends the old cup and 
stem pessary attached to an abdominal support. 
The reviewer would venture the opinion that the 
Menge and Loehlein pessaries have rendered the 
McIntosh pessary obsolete. 

In the matter on hygiene, dress, and exercise, 
the author shows himself in line with the best teach- 
ings of the day. This chapter, short as it is, will be 
of greatest value to the practitioner in that it will 
enable him to forestall disease by his wise counsel. 

The chapter on post-operative complications and 
their treatment will doubtless be consulted with 
advantage by many and help in numerous instances 
to turn the scale in favor of the patient. 

This review cannot be closed without a word of 
appreciation of the chapter on diseases of the 
urinary system. This field is no longer on the 
borderline between gynecology and surgery. The 
genital and urinary systems in the female are so 
closely allied both topographically and development- 
ally that familiarity with this topic has become an 
absolute necessity to the modern gynecologist. 

1 DISEASES OF WoMEN — A TREATISE FOR STUDENTS AND PRACTI- 


TIONERS. By Palmer Findley, B.S. M. D. Philadelphia and New York. 
Lea & Febinger, 1913. 


May we not ask the author to eliminate biblical 
references in future editions of this book? If, for 
example, he believes that pregnancy may occur after 
the menopause (p. 68). he should be able to cite more 
recent cases than that of “Abraham who was one 
hundred years of age and Sarah ninety when their 
child was born.” 

In a work of this size, debatable points are bound 
to occur. One can, for instance, hardly agree with 
the author when he dismisses. in less than four lines, 
the subject of spinal anesthesia notwithstanding 
the fact that this method has become the sovereign 
one in gynecologic operations in Germany and 
France and is just now having a renaissance in this 
country. But such points of difference are easily 
overlooked in weighing the value of the entire book, 
which has been written in so concise a manner and 
which so clearly portrays the author’s qualifications 
as an excellent teacher that we do not hesitate to 
warmly recommend this textbook to the profession 


W* greet an old friend in this new edition of a 
work which in the high tide of modern text- 
books has preserved its well-merited popularity.? 
The rapid changes which are taking place in gyne- 
cology have imposed upon the author the duty to 
rewrite many chapters; but by rigid rearrangement 
and condensation. he has found space for much new 
matter without enlarging the volume. The simpli- 
city and clearness of diction renders the study of the 
book both easy and attractive to the reader, and as 
the book addresses itself primarily to the student, 
mooted questions have been left out of consideration. 
For the same reason, bibliographic references have 
been restricted. 

To the specialist the volume possesses a particular 
attraction in the profusion of original illustrations, 
many of which are in color. The reviewer gladly 
acknowledges his indebtedness for many a point in 
operative technique, and he believes that others, 
too, will frequently find it helpful to consult this book 
for details of simplification and elegance. In the 
development of American gynecology, Dudley ranks 
foremost as a master of plastic methods of all kinds. 
His operation for pathologic anteflexion of the uterus, 
the reconstruction of a urethra, his procedure for 
ureterovaginal fistula. and the operation for certain 


2 THE PRINCIPLES AND PRACTICE OF GYNECOLOGY, 
A. M., M. D., Sixth ,Edition. 
Febiger, 1913. 


By E. C. Dudley, 
Philadelphia and New York: Lea & 
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forms of urinary incontinence form only a partial 
list of the author’s original contributions which are 
incorporated in this textbook. It is safe to predict 
that the seventh edition of this work will be but a 
question of time. 


HIS book! has a number of features which are 
apt to make it attractive to teachers in nurses’ 
training schools. The descriptions are, for the most 
part, clear and precise, and there is appended to 
each chapter a discussion on the function of the 
respective organs. In this manner the author has, 
in a very felicitous fashion, combined the study of 
anatomy and physiology of the human body — the 
best method, indeed, in which these two subjects 
should be treated. There is, also, at the end of each 
chapter a list of questions as a means of reviewing 

the subject. 
1 ANATOMY AND PHysIOLOGY A TEXTBOOK FOR Nurses. By John 


Forsyth Little, M.D The Nurses’ Textbook Series. Philadelphia and 
New York: Lea & Febiger, ror4. 


The book has, however, in common with most 
textbooks on anatomy for nurses, the defect that it 
is much too long. A subject which the average 
medical student with all his required preparatory 
studies is expected to cover within a year or two, 
the nurses, most of whom possess but an indifferent 
preliminary education, are supposed to imbibe in 
about eight months. The value toa nurse of instruc- 
tion about karyokinesis of Ascaris megalocephala is, 
at least, open to discussion, and prickle, transitional, 
and neuro-epithelial cells will, I fear, prove merely 
a burden to her memory which might contain more 
useful information. 

Conversely, the discussion of the female genitalia 
and their functions might well be more extensive, 
for in this field the nurse needs more knowledge for 
her own benefit and that of her clients. 

Print and paper are very good, but the illustrations 
are not in keeping with the excellency of American 
medical illustrations, which have set an example to 
the rest of the world. 


BOOKS RECEIVED 


Books received are acknowledged in this department, 
and such acknowledgment must be regarded as a sufficient 
return for the courtesy of the sender. Selections will be 
made for review in the interests of our readers and as space 
permits. 

DriaGNnostics OF Funpus Ocut. Vol. I, with Index; 
Vols. II and III with stereograms. By Edward L. Oat- 
man, M.D. Troy, New York: The Southworth Company, 
1913. 

PRACTICE OF SURGERY. By Russell Howard. Price 
$5.50. Philadelphia: J. B. Lippincott Company. 

TEN SEx Tatks To Boys. By I. D. Steinhardt, M. D. 
Philadelphia and London: J. B. Lippincott Company, 1914. 

ANATOMY AND PHYSIOLOGY OF THE EYE AND APPEN- 
DAGES. By John Welsh Croskey, M. D. Published by 
the author. 

PHYSIOLOGIE NORMALE ET PATHOLOGIQUE DES REINS. 
By L. Ambard, M. D. Paris: E. Gittler, Editeur. 

La StAseE INTESTINALE CHRONIQUE. Par le Docteur 
E. Sorrel. Paris: G. Steinheil, Editeur, 1914. 

PracTIcCAL ‘THERAPEUTICS. Second Edition. By 
Daniel M. Hoyt, M. D. Price $5.00. St. Louis: C. V. 
Mosby Company, 1914. 

SomME AMERICAN MeEpIcaL Botanists. By Howard A. 


Kelly, M. D., LL. D. Troy, New York: The Southworth 
Company, 1914. 

ReEceENT Stup1iEs oF TuBEeRcuLosIs. St. Louis: Inter- 
state Medical Journal Company, 1914. 

MEDICAL AND SURGICAL REPORTS OF THE EPISCOPAL 
HospitaAL OF PHILADELPHIA. Philadelphia: Wm. J. Dor- 
nan, 1914. 

NoTIONS PRATIQUES D’ELECTROTHERAPIE APPLIQUEE 
A v’Urotocie. Par le Docteur Denis Courtade. Paris: 
F. Gittler, Editeur, 1914. 

BEITRAGE ZUR KLINISCHEN CHIRURGIE (FESTSCHRIFT). 
Tiibingen, Germany: H. Laupp’schen, 1914. 

COLLECTED PAPERS BY THE STAFF OF St. MAry’s Hos- 
PITAL, Mayo CLInic, (1913), Rochester, Minnesota. 
Philadelphia and London: W. B. Saunders Company, 1914. 

KURZGEFASSTER HANDBUCH DER GESAMTEN FRAUEN- 
HEILKUNDE, GYNAKOLOGIE UND GEBURTSHILFE FUR DEN 
PRAKTISCHEN Artz. By Dr. W. Leipmann. Band II, 
Pathologische Anatomie und Histologie der Weiblichen 
Genitalorgane in Kurzgefasster Darstellung. By Oskar 
Frankl. Leipzig, Germany: F. C. W. Vogel, 1914. 

LEHRBUCH DER HEBAMMENKUNST. Fifteenth Edition, 
enlarged and revised. By Bernhard Sigmund Schultze 
Leipzig: Wilhelm Engelmann, 1914. 














The eae tert 





